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otwithstanding that the Coxe Stokers are 


run on 10,800 B.t.u. coal, as against the 
12,500 B.t.u. coal used with the stokers 
previously operated, these Combustion Engi- 
neering traveling grate stokers operate with 
one-half the previous ash-pit losses and ef- 
fect, from this and other sources, a reduction 
in fuel cost averaging 6c per 1000 lb of steam 
on an equivalent evaporation basis. 
“Combined efficiency with 475 F. flue gas 
temperature and 12.5% CO, is 75.5%,”’ states 
Mr. McClelland. ‘‘Also, the reliability, main- 
tenance and capacity of our Coxe Stokers 
have been excellent. As for flexibility, we 


SAYS. « 


handle load variations from 500 hp to 1200 hp 
in five minutes, without trouble,’’ added the 
Chief Engineer. 





For any requirements of fuel, space, boiler 
settings and load characteristics the complete 
line of Combustion Engineering boiler firing 
equipment affords an idealanswer. The broad 
experience of C-E engineers is at your service 
to help you and your consultants with any 
angle of steam generating equipment planning 
in connection with either new plants, or mod- 


ernization of your present layout. 


COMBUSTION ENGINEERING COMPANY, INC. 


200 MADISON AVENUE, N. Y. Canadian Associates, COMBUSTION ENGINEERING CORPORATION, LTD., Montreal 


MANUFACTURING DIVISIONS 


The Hedges-Walsh-Weidner Company, Chattanooga, 
Tenn.; Coshocton Iron Company, Monongahela, Pa.- 
Raymond Brothers Impact Pulverizer Company, Chi- 
cago, Illinois; Heine Boiler Company, St. Louis, Mo. 
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C-E PRODUCTS 


All Types of Boilers, Mechanical Stokers and Pul- 
verized Fuel Systems. Complete Steam Generating 
Units, Water Cooled Furnaces, Economizers, Air 


Heaters, Pressure Vessels and fabricated Plate Work. 


Mr. FLOYD M. McCLELLAND 


Chief Engineer at Crawfordsville, Ind., Electric Plant 
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Power Survey Reveals Inadequate Capacity 


by the President in August 1933, was released in 

preliminary form on April first. This survey cov- 
ered nearly four hundred privately owned operating 
companies, representing ninety-three per cent of the 
installed central-station capacity, in addition to a num- 
ber of the more important municipal plants. 

In the main, the results confirm what has long been 
suspected by many engineers regarding the inadequacy 
of present capacity to meet demands incident to a re- 
sumption of pre-depression industrial activity together 
with the constantly increasing domestic and small 
commerical light and power load. Opinion to the con- 
trary has sometimes been influenced by a local or sectional 
viewpoint, or by the belief that the old plants are fully 
capable of handling the peaks. Others contend that the 
government is trying to justify its huge expenditure for 
hydro projects, although most of these so far are in sec- 
tions that can have little effect on the country as a whole. 


| HE report of the National Power Survey, ordered 


Early construction of three to four million kilowatts 
capacity is imperative, according to the survey; this 
need being accentuated by the existence of much obsolete 
steam-plant equipment. Fifty-six per cent of the pres- 
ent capacity is ten or more years old, eleven per cent 
twenty years or more, and of the total only eighty-six 
per cent is regarded as dependable to meet present de- 
mands. When it is considered that most of the highly 
efficient stations have been built within the last ten 
years, the statement in the report, that two million kilo- 
watts is due to be scrapped, seems to have some basis. 

It will be recalled that from 1920 to 1930 central sta- 
tion capacity in this country increased at a rate of ap- 
proximately ten per cent per year, whereas during the 
last five years a total of only about five per cent has been 
added; and this figure includes several large hydro 
projects upon which construction was begun prior to 
1930. The decided drop in load during the early years of 
the depression provided justification at the time for the 
contention that central-station capacity was more than 
adequate. However, with the total load now practically 
back to the 1929-1930 level, despite only partial indus- 
trial recovery, and most of the equipment five years 
older, the time has arrived again to act upon a projection 
of the capacity and load curves. Some companies have 
tentative plans for extension or replacement already 
underway, but, as it will require from one to two years to 
put these into effect, the situation may become pressing. 

That there has been so little new construction in the 
utility field is attributable, not to lack of a full apprecia- 
tion of these facts, but to the combination of difficulties 
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lately confronting the industry, such as mounting taxa- 
tion, pending holding company legislation, financing 
problems, rate reductions and threatened federal and 
municipal competition. However, load demands will 
not await a solution of these problems and it behooves 
the industry to guard against a situation susceptible to 
interpretation that privately owned systems . are 
unable or unwilling to meet the growing load demands. 

A significant statement in the report is that ‘‘selection 
of sites for hydro and steam plants, to be developed 
either by private or public agencies, should take into 
consideration not only the pertinent engineering and 
economic factors but also essential considerations of 
broad national policies,” and federal supervision of the 
construction of these plants and facilities is urged. It is 
therefore likely that legislation embodying these recom- 
mendations will be proposed. The Power Authority in 
New York State is already advocating a system patterned 
after the British ‘‘grid.”’ 

In this connection it is pertinent to recall the situation 
in England where the public power supply, although 
privately owned, is very closely supervised by a govern- 
ment commission. With the development of the “grid’’ 
system, comprising about ninety-eight per cent of the 
supply, extensions to existing generating stations, the 
location of new stations and the flow of electricity into 
and out of the “grid’’ are passed upon by this govern- 
mental body. 

The load conditions that have obtained in England 
parallel, in certain respects, those in this country. 
Following several years of industrial depression, the 
domestic load there made substantial gains and then the 
industrial load began to return to normalcy; meanwhile 
little new capacity had been added. Anticipating a 
shortage in capacity, the government initiated exten- 
sions to existing stations as well as a number of new 
stations at centers that would best serve the requirements 
of the ‘‘grid.’”’ These are now being made, but the ur- 
gency of the situation, according to a well-known British 
engineer now in this country, has precluded taking full 
advantage of what otherwise would have represented 
progressive development in power station practice. 
Moreover, according to our informant, the transmission 
system of the ‘‘grid”’ has placed certain restrictions on 
unit generating capacity which in some instances have 
not been in line with best individual station economy. 

Whatever the future may hold in the nature of federal 
coordination of our national power supply, the central 
station industry is still free to proceed along lines dic- 
tated by engineering and economic considerations. 


























of COAL 


/ \ QUESTION of vital impor- 


tance to the plant manager is whether or not the coal 
used for plant operation is being purchased on the most 
economical basis. The consideration of this question 
involves an interesting problem which deals with the 
saving of valuable dollars. There are many plants in 
operation today using one or several grades of coal 
which has been purchased strictly on a price per ton basis. 
In many cases, after making the proper analysis of the 
problem, it has been developed that the coal with the 
lowest delivered price per ton is not the cheapest for the 
plant. Weekly savings amounting to hundreds of 
dollars might easily be realized by coal purchases accord- 
ing to the method here suggested. 

This method is based on the opinion, that the most 
economical coal to buy is that with which the greatest 
amount of steam can be produced per dollar spent. 
For this purpose, laboratory determinations of the 
Btu per pound of dry coal, and the per cent moisture in 
the coal as received, are in most cases all that will be re- 
quired. There are, however, certain conditions which 
might make it necessary to obtain a laboratory deter- 
mination on the ash content of the coal. For pulverized 
coal plants, located near a community which may con- 
sider the fly ash a nuisance, and make it necessary to 
use a mechanical or an electrical method of ash precipi- 
tation, the low ash content coal will certainly prove to be 
quite an advantage. A lower maintenance of the 
pulverizing equipment, the burners and the induced- 
draft fans will help justify a slight increase in the coal 
price of a low ash content coal. 

The first consideration, however, should be: how much 
steam can be produced per dollar paid for coal, or what 
amounts to the same thing, how many Btu’s are bought 
per penny? In order to illustrate the purpose of this 
discussion, and also to show how the accompanying 
chart may be used, we will assume the following example: 

Suppose that during a week a plant has consumed 
twenty cars of coal which came from three different mines. 
Thirteen cars came from mine A and were purchased at a 
delivered price of $3.20 per ton. Five cars came from 
mine B and cost $3.35 per ton. The remaining two cars 
came from mine C and cost $3.40 per ton. Laboratory 
analyses of these three coals show: 


Btu per Pound 
of Dry Coal Percent Moisture 


Coal from Mine A 13,000 7.5 
B 13,200 3.0 
Cc 14,000 5.0 


From the information so far obtained, a table similar 
to the one following will be very helpful in analyzing 
any particular problem, and will show at a glance the 
relative values of the different kinds of coal used. 
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Relative Purchase Values 


By C. G. KLOPP, Steam Engineer 
The Champion Fibre Co., Canton, N. C. 


On the basis that the most economical 
coal to buy is that which will produce the 
greatest amount of steam per dollar spent, 
the accompanying chart, in use by the 
Champion Fibre Company, forms a con- 
venient method of determining relative 


purchase values of coal. 


Item 1 X 2000 Item 3 X 2000 
0“) eT > —--—— —_ -_—__ 
item 7 Item 6 Item 8 Item 6 
nim ti = Item 3 me 
Item 14 = Item 13 X Item 12 X 50 (One car is assumed to hold 50 tons) 
A B ¢ 

1. Btu per pound of dry coal 13,000 13,200 14,000 

2. Percent moisture 5 3.0 5.0 

3. Btu per pound of coal, as fired 12,025 12,804 13,300 

4. Price per ton at the mine 

5. Freight rate per ton 

6. Price per ton delivered $3.20 $3.35 $3.40 

7. Btu per penny (dry basis) 81,250 78,806 82,353 

8. Btu per penny (as fired) 75,156 76,442 78,235 
9. Relative value (dry basis) No. 2 No. 3 No. 1 
10. Relative value (as fired basis) No. 3 No. 2 No. 1 
1l. Price to equal No. 1 coal $3.07 $3.27 $3.40 
12. Loss per ton based on No. 1 $0.13 $0.08 $0.00 
13. Number of cars used 13 5 2 
14, Loss per week based on No. 1 $84.50 $20.00 $0.00 
15. Total loss for the week $104.50 


From the point of view of the plant manager or the 
coal buyer, the Btu purchased per penny on the ‘‘as 
fired’’ basis is the figure to be used in determining the 
relative values of the various coals. The coal dealer 
will probably ask for a comparison of his coal with the 
others on the dry basis, hence they are given. 

In this example, it is to be noted that the cheapest coal 
per ton is not the best buy. In order to equal the $3.40 
coal, that from mine A would have to be reduced to $3.07. 

The accompanying chart has been worked up for the 
benefit of the coal buyer or the dealer in arriving at the 
Btu per penny values for the various grades of coal. 
Suppose the chart is used to find the Btu per penny 
values for the coal in the above example from mine C 
having 14,000 Btu per pound (dry basis) and 5.0 per cent 
moisture. Starting at the left-hand scale with 14,000 
Btu follow this line vertically until it intersects the 5 
per cent moisturé line. From this point of intersection 
follow to the right on the horizontal line where the Btu 
per pound of coal as fired will be noted as 13,300, con- 
tinuing on the horizontal until intersection with the $3.40 
coal cost line. From this point of intersection follow the 
vertical line down and read 78,250 Btu per penny. 

In using the chart to find the Btu per penny for dry 
coal follow the same route except follow the 14,000 Btu 
line vertically until it intersects the 0 per cent moisture. 


April 1935—-C OMBUSTION 









, see 








CHART TO DETERMINE RELATIVE PURCHASE VALUES OF COAL 
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Non-Effluent Water Process 





Constituents from Flue Gases by a 


Removal of Smoke and Acid 


By DR. J. L. PEARSON, 
G. NONHEBEL and 
P. H. N. ULANDER 


N 1927, Parliamentary sanction for the erection of 
Battersea Power Station was given on condition that 
the best practicable means would be taken to remove 

the oxides of sulphur from the flue gases before the latter 
were emitted to the atmosphere. Similar restrictions 
have been made, or are being made, in connection with 
extensions of other power stations in the central London 
area. 

Examples of the trend in modern requirements are 
given by the official specifications calling for tenders for 
flue gas cleaning apparatus in connection with two power 
stations in course of erection in urban districts, namely 
the specification for Swansea calling for 96 per cent, 
sulphur and dust elimination, and that for Fulham 
requiring very high dust elimination and an exit sulphur 
test of 0.03 gr per cu ft (equal to 50 parts of SO, per 
million by volume), with the use of coal containing 
1.7 per cent. Sulphur (giving an extraction efficiency 
requirement of 96 per cent) for stoker-fired boilers. 


The Formation of Sulphuric Acid 


In addition to oxides of sulphur (mainly sulphur 
dioxide), oxides of nitrogen and hydrochloric acid are 
liberated in modern high-temperature furnaces. Oxida- 
tion of the SO, is promoted by sunlight, and much of the 
SOz, is oxidized rapidly after absorption from the atmos- 
phere by rain or mist, to form sulphuric acid. Thus, 
the combustion of 1000 tons of average coal containing, 
say, 1.5 per cent sulphur, leads not only to the formation 
of grit, dust and possibly of tarry matter, but also to the 
eventual formation of the following acids: 


(a) 45 tons of sulphuric acid 

(b) 3 to 7 tons of nitric acid (dependent upon the 
combustion conditions) 

{c) 0.5 ton of hydrochloric acid 


Practical remedies for preventing or reducing the 
emission of objectionable constituents in flue gases have 
in the past been confined mainly to the elimination or 
mitigation of grit and dust emission, although it has 
long been realized that the acid emission in large urban 
areas was attended with the more serious consequences. 
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Excerpts from a paper presented at a 
joint meeting of The Institute of Fuel and 
The Institution of Electrical Engineers at 
London, Eng., on January 17, 1935. The 
paper reviews the problem of atmospheric 
pollution from cinders, fly ash and sulphur 
furmes in stack gases and describes the 
Howden-I. C. I. non-effluent system of 
flue-gas washing which employs lime or 
chalk as the neutralizing agent. In this 
wet washing system the water is recircu- 
lated and the grit, dust and acids are sepa- 
rated and removed as solids, hence there 
is no effluent to pollute adjacent streams. 
Results from eighteen months, operation 
of a pilot plant are given which show a 
removal of 90 to 93 per cent of the dust, 
97 to 98 per cent of the grit and 90 to 99 
per cent of the acid constituents of the 
flue gas. 


Modern development in the electricity supply indus- 
try is leading to the erection of power stations burning 
more than 1000 tons per day of coal. Although domestic 
household coal consumption is estimated to be about 
23 per cent of the total consumption in this country and 
power station consumption only 6 per cent, a domestic 
consumption of 1000 tons per day is equivalent to that 
of 70,000 houses, at 2 cwt each per week, which repre- 
sents a large town covering an area of at least 5 sq miles. 
Spread over this area, discharged as a line source of 
emission (2 to 3 miles broad) and diluted with excess air 
of combustion to only 3 to 4 per cent COs, this domestic 
“acid” pollution is small in concentration, when com- 
pared with the local leeward concentration in the prod- 
ucts of combustion of 1000 tons per day of coal, at 11 to 
14 per cent Cb, and discharged from an area of a few 
hundred square yards, that is from a virtual point source 
of emission. This latter emission affects atmospheric 
conditions appreciably for some distance on the leeward 
side of the chimneys, irrespective of chimney height, 
unless efficient flue gas cleaning is adopted. 

As concerns solid particles, below about 30 to 40 
microns, and the objectionable acid constituents, any 
attainable increase in chimney height is ineffective in 
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preventing or reducing the results characteristic of these 
two types of emission, although it will mitigate slightly 
the ground conditions in the immediate neighborhood 
of the chimney. Emission should obviously be at such 
a height as will prevent it being brought down by down- 
drafts caused by the effects of the neighboring buildings 
or ground contour, but above this it is not necessary to 
go. 

Considering a point source of continuous emission such 
as a power station chimney, and assuming a wind 
velocity of about 11.5 miles per hour, which is the average 
wind velocity, Fig. 1 shows the space concentration dis- 
tribution of the SO, on the leeward side of the source of 
emission, with a power station burning 1000 tons of coal 
per day and the coal containing 1 per cent sulphur. For 
simplicity it is assumed that all the sulphur in the coal 
is emitted as SO.. The curves given are typical curves 
and can easily be corrected for: 

(a) other wind velocities, the concentration being 
inversely proportional to wind velocity; 

(b) other sulphur contents in the coal, the concentra- 
tion being directly proportional to the sulphur content; 

(c) other coal consumptions, the concentration being 
directly proportional to the coal consumption or to the 
mass rate of SO, emission. 


Curve for Determining Ground Conditions 


The ground conditions with any height of chimney, can 
be determined from the curves in Fig. 1 by drawing a 
horizontal line with an ordinate corresponding to the 
height of the chimney. It will then at once be seen that 
under average conditions: 


(a) the ground concentrations are quite small at dis- 
tances, from the base of the chimney, greater than 20 
times the height of the chimney; 

(b) the worst ground concentration is small with a 
reasonable height of chimney (say, 200 ft high); 

(c) the worst ground conditions occur at a distance 
of 8 to 10 chimney heights away. 

The most useful curves for discussing acid and dust 
pollution of the atmosphere are those obtained by inte- 
grating the vertical distribution over unit area, i.e., 
curves represerting mass distribution over unit area. 
The vertical integration of Fig. 1 is given in Fig. 2, 
which exhibits the SO, distribution as if collected into a 
single layer or roof. Height of chimney clearly has no 
effect on this mass distribution. 
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As an example for demonstrating the relative extent 
and effects of power station, general industrial and 
domestic pollution respectively, the conditions pertaining 
to an average but isolated industrial town can be con- 
sidered. For simplicity, it is assumed that the town is 
generally industrial with no large well-marked residential 
areas, and that the power station is in the center of the 
town. For such a town 5 kilometers (approximately 
3 miles) square (600,000 to 700,000 inhabitants), and 
with a power station burning 1000 tons per day of coal 
containing 1 per cent sulphur, the curves for mass dis- 
tribution over unit area are as in Fig. 3. 

With low wind velocities and with temperature inver- 
sion conditions, the SO, mass distributions are consider- 
ably increased. During these abnormal but too frequent 
weather conditions, the composite urban pollution 
reaches intensities which are actively damaging to build- 
ings and injurious to health. 


High Chimneys Do Not Solve the Dust Problem 


Increase in chimney height may be useful for spraying 
grit over a wider area, but it is useless as a remedy against 
“acid” and ‘‘dust’’ emission. Chimney height should 
be reasonable, but need not be excessive except when 
inefficient apparatus for grit removal only is installed. 
The distinction between grit and dust is based upon 
settling rate versus diffusing rate. The line of demarca- 
tion is about 35 microns for average conditions, 10 
microns or less (according to size of town) for urban fog 
conditions, and 60 to 70 microns for ordinary strong 
winds of 30 to 40 miles per hr. Grit settles, while dust 
diffuses laterally, vertically and downward. 

The admission that, in urban areas, dust and acids as 
well as grit should be removed from power station flue 
gases and from those of other large point sources, before 
emission, and that, as a consequence some form of wet 
washing only can be effective in this respect, leads 
necessarily to the further admission that the form to be 
adopted, as being suitable for universal application, 
should not have any discharge into rivers or streams. 


Discharge of Effluent Prohibited by Most Cities 


In most civilized countries, there are already many 
exacting restrictions concerning the discharge of effluent 
into the water courses near and among large urban 
populations. The tendency to increase the scope of the 
restrictions is apparent almost everywhere, and as far 
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The diagram shows the integrated density in mg of SO: per sq meter for an 
industrial town 5 km square burning 3750 tons per day of coal containing 
1 per cent sulphur with a power station located at its center burning 1000 
tons of similar coal per day. The curves give average values for the SO: over 


the axis of the power station smoke cloud in the direction of the prevailing 
wind which is assumed as 5 meters per sec (11 miles per hour) 


as any effluent from the wet washing of flue gases is 
concerned, it can be anticipated that restrictions will in 
the main become prohibitions, at least in the larger towns 
and cities. To be of universal application, therefore, the 
wet washing system demanded is one in which there is 
no liquor effluent. This means a recirculating, non- 
effluent water system, from which the grit, dust and acids 
can be separated and removed as solids. 

The grit and dust will be scrubbed out of the flue gases 
by the recirculated water, which will be treated with 
some form of alkali for the purpose of scrubbing out and 
“fixing” the ‘‘acids.’”’ Before being able, therefore, to 
designate the complete type of process suitable for uni- 
versal adoption, it is necessary to decide on the kind 
of alkali which will be everywhere available, and the use 
of which will be generally acceptable. 

Since the solids must be separated from the circulating 
liquor in the system, the question arises as to whether it 
should be possible to provide the required form of non- 
effluent water system, as one producing some saleable 
by-product, whereby the power station could obtain a 
credit against charges for dust and acid removal. An 
answer to this question might influence the kind of alkali 
to be used in certain countries. 


Sale of By-products Not Profitable 


Various possibilities have been considered in this 
connection. None has shown sufficient promise to war- 
rant detailed investigation. It can safely be postulated 
that for the time being the universally acceptable system 
should be based on the discard of the solids and not 
on attempts to work them, and the SO, they contain, up 
into normal commercial products. This may perhaps be 
better appreciated after reflection upon the major factors 
involved, namely, 


1. Any by-products would be of the type having a 
low market price level, and therefore inconsistent with 
high conversion or capital charges. This applies irre- 
spective of whether individual or collective production 
is considered. 

2. An extraneous organization for production, pack- 
ing, distribution and sales, with types of labor, tech- 
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nique, outlook and problem, each different from that 
now associated with power stations, would be required. 

Hence, the only flue gas cleaning system that can 
satisfy the requirements for universal adoption in all 
urban areas is a non-effluent water system, in which the 
water is treated with the cheapest form of alkali avail- 
able. The cheapest form of alkali will, in most cases, 
be lime or chalk. 

The process for complete cleaning of flue gases will 
have three main sections: lime treatment, flue gas 
scrubbing and separation of solids, and the plant used 
will follow a similar classification: 


1. The lime section—comprising lime or chalk stor- 
age, mixing apparatus and slurry stock tanks; 

2. The flue gas scrubbing system—comprising ab- 
sorption towers and main liquor recirculation system; 

3. The section for separating solids—comprising 
settlers and filters (or centrifuges), arrangements for re- 
turning the clarified liquor to the main liquor circulating 
system, and the necessary plant capacity or storage for 
the solids prior to removal. 

These three easily distinguishable sections will have 
the following interconnections: 

(a) Lime slurry will pass from the lime section to the 
scrubbing section; 

(6) a bleed from the main circulating system of the 
scrubbing section will pass to the solids section, from 
which 

(c) the clarified liquor will return to the scrubbing 
section either directly or indirectly via the lime section. 

Apart from the flue gases the only materials entering 
or leaving the plant will be: (in) lime and such little 
water as is required to make up for losses from evapora- 
tion or through the discard of wet solids; (out) sepa- 
rated solids, which will be wet, since it will be undesir- 
able to dry the solids completely. 


Problems Involved in Non-effluent Process 


The major problems encountered in developing a non- 
effluent process may be summarized as follows: 


1. Absorption Surfaces. The choice and design of a 
non-choking scrubber packing, with high absorption 
characteristics, capable of taking large liquor rates with- 
out cascading or flooding, with a suitable scaling resis- 
tance and with an optimum incidence on capital and run- 
ning charges when operating with very high extraction 
efficiencies for dust and SO, removal. 

2. Circulating Liquor Treatment. The determination 
of ways and means whereby, 

(a) outside the scrubber—supersaturation of the cir- 
culating liquor with calcium sulphite and sulphate could 
be either completely or substantially destroyed; 

(b) inside the scrubber—the scaling potential arising 
from slight supersaturation of the circulating liquor with 
calcium sulphite or calcium sulphate could be controlled 
and maintained below the higher limit, at which it cannot 
overcome the scaling resistance of the packing chosen. 

3. Plant Control. The development of a pH re- 
corder, operated from the power mains, having a degree 
of sensitivity consistent with close plant control, having 
a degree of reliability better than, or equal to, most of 
the instruments normally installed on boiler plants, and 
having technical characteristics not beyond the ready 
comprehension of the average boiler plant engineer. 

The flue gases entering a scrubbing plant may contain: 
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Grit and dust...... 1.5 to 7 gr per cu ft at N. T. P. 
COs 10 to 14 per cent by volume 
Co ST eee eee 9 to 4 per cent by volume 
rr 0.05 to 0.20 per cent 

(or 0.3 to 1.1 gr sulphur per cu ft) 


i ck Ure acne eeaes traces, up to 10 per cent of weight of SO: 

Divs vhtideseceves traces, of the order of 0.05 gr HC! per cu ft 
NO and NO:.......traces, of the order of 0.05 gr combined nitrogen per cu ft 
We citabe ddecews corresponding to partial pressures of 0.05 to 0.08 atmos. 


To obtain complete, or substantially complete, ab- 
sorption of the SO, and other acid gases with a closed 
recirculating water system, it is necessary to add on 
alkali. Lime or reactive powdered chalk are the cheap- 
est alkalies, and are added in the form of a slurry. If 
lime is added to water used in washing flue gases, it 
rapidly combines with the CO, dissolved in the water to 
produce chalk, (CaCO;), which is insoluble, and calcium 
bicarbonate, [Ca(HCOs)2], which is soluble. 

Addition of chalk directly will also result in the forma- 
tion of calcium bicarbonate. It is the dissolved calcium 
bicarbonate which is the active absorptive agent for the 
acid constituents in the flue gases. Fresh calcium bi- 
carbonate is continuously formed from the chalk (whether 
chalk or lime is added), as absorption and neutralization 
of the acid constituents in the flue gases proceed. 

When lime or reactive powdered chalk are added con- 
tinuously to the circulating liquor at a rate equivalent to 
that of acid absorption, the pH of the liquor falls from a 
value between 6.5 and 6.8 at the liquor inlet to the 
scrubber to a value between 6.0 and 6.2 at the liquor 
exit, 

The SO, and SO; are absorbed from the flue gases as 
calcium sulphite and calcium sulphate respectively, and 
since none of the recirculating water is put directly to 
drain, the liquor in the system is saturated with these 
relatively insoluble compounds. The two salts CaSQ3. - 
2H,0 and CaSQ,.2H:0 (calcium sulphite dihydrate and 
calcium sulphate dihydrate (gypsum), respectively) are 



































































precipitated. The other reaction products, such as 
calcium chloride and calcium nitrite, are highly soluble, 
and owing to the slight water loss from the system 
(with the solids), and the resulting slight water make-up 
they do not reach saturation in the circulating liquor or 
solution. It should be noted here that the solubility of 
calcium sulphite increases with a fall in pH and that 
consequently the liquor leaving the scrubber can hold 
more of this salt in solution than that entering the scrub- 
ber. 

Since, in solution, calcium sulphite is readily oxidized 
to calcium sulphate, a substantial part of the calcium 
sulphite produced in the plant is oxidized, partly in the 
scrubber, for the flue gases contain oxygen, and partly 
in the circulating system outside the scrubber. This 
oxidation is catalyzed by traces of iron and manganese 
salts. Both of these are present in the ash from. the 
coal and in the lime added, and pass in part into solution 
in the circulating liquor. The nitrites present may also 
oxidize part of the calcium sulphite. 

As a result of oxidation, the sulphur absorbed as 
SO, and SO; from the flue gas appears in the precipitated 
solids or mud of the circulating liquor as a mixture of 
calcium sulphite and sulphate (30 to 80 per cent of the 
total sulphur as CaSO,.2H,O, and 70 to 20 per cent as 
CaSO;.2H,0, according to the oxidizing and catalyzing 
agents present). 


Water Makeup Relatively Small 


The flue gases, in passing through the scrubber, come 
into thermal equilibrium with the circulating liquor, are 
cooled to their ‘“‘wet bulb” temperature and leave the 
scrubber saturated with water vapor. Some loss of 
water thus results from the evaporation necessary to 
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Fig. 4—Isometric view of complete pilot plant 
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effect such saturation. 


In addition, water is lost from 
the system through being entrained or chemically com- 
bined with the solids (ash, CaSO;.2H,O, CaSO,.2H:2O) 


which are discarded after separation. The water make- 
up required to compensate for these losses is relatively 
small, and amounts to slightly over half a ton of water 
per ton of coal fired. 

The final details of design and operation of a plant 
working on the lines generally indicated have been 
thoroughly delineated, explored and confirmed by con- 
tinuous tests, extending over a period of 20 months, ona 
full scale experimental plant unit installed on a boiler 
plant. 


Lime Preferable to Chalk 


On technical grounds, it is preferable to add the alkali 
as lime rather than chalk because: 


(a) Lime is the more reactive and uniform; 

(6) The change in pH in the cycle is greater with 
lime, with some consequent beneficial effect on closeness 
and ease of plant control; 

(c) The greater change in pH enables a smaller 
scrubber to be used for flue gases resulting from burning 
the higher sulphur coals. 


In order to avoid corrosion of the scrubber hopper, it 
is necessary to keep the minimum pH of the liquor 
above 6.0. Hence the chalk used must be finely ground 
and fairly reactive if it is to be rapidly dissolved by the 
CO, in solution, and if no great excess is to be used. 

The pilot plant was in continuous operation from 
April 1933 until December 1934 (apart from a small 
fraction of this time, required for plant modifications). 
The general arrangement of the pilot plant, in its final 
stages of development, is shown in Fig. 4. 


Test Results on Pilot Plant Show High Sulphur 
and Dust Removal 


Numerous tests have been made on the pilot plant to 
determine its performance in the extraction of dust, 
sulphur oxides, nitrogen oxides and hydrogen chloride. 
The average efficiencies of removal were: 


Per cent removal 


Sulphur oxides 97 to 99 
Nitrogen oxides 60 to 70 
Hydrochloric acid 90 to 93 
Grit and dust from P. F. boiler 97 to 98 
Dust from P. F. boiler left in flue gas after having passed 

through a well-known wetted tube deduster 90 to 93 


The test performance of the Howden pilot plant is 
compared with systems installed in a number of stations 
in England and on the Continent. At Battersea, a stoker- 
fired station employing sprays and packings, with final 
alkaline washing tests have shown removal of 90 per 
cent of the sulphur. Plants in Germany and other coun- 
tries which employ the dry cyclone system show 60 to 
72 per cent removal of dust with no sulphur removal. 
The wetted system will remove 91 to 93 per cent of the 
dust and 20 per cent of the sulphur, whereas the electro- 
static system has shown 75 to 98 per cent dust removal 
but does not handle the sulphur. The Modave wet 
washers installed at Vitry Station in Paris take out 
90 to 95 per cent of the dust and 18 per cent of the sul- 
phur. An experimental corrugated plate deduster in- 
stalled at Brimsdown Station, England, has taken out 
about 70 per cent of the sulphur. 
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Index Campaign Underway 


Dr. Frank B. Jewett, President of Bell Telephone 
Laboratories, Inc., and Vice President of American 
Telephone and Telegraph Company, has accepted the 
position of National Chairman of a campaign to raise a 
working capital fund of $161,000 for Engineering Index. 

Announcement of Dr. Jewett’s acceptance was made 
by Collins P. Bliss, Dean of the Engineering School of 
New York University, who hes headed a movement to 
save the fifty year old index and annotating service of 
the engineering profession since it was discontinued as 
an activity of the American Society of Mechanical 
Engineers a year ago. The Index has now been incor- 
porated as a non-profit corporation. 

While the personnel of the National Committee is not 
yet complete it already includes a number of outstanding 
engineers who are actively promoting the campaign and 
its success seems assured. 





Soviet Power Station 





J. Jay Hirt, New York, N.Y. 


Turbine room of Russian power station at Tcheliabinsk, 
Siberia. The installed capacity is 48,000 kw and much of 
the equipment was built in U.S. S. R. 
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The Derivation and Use of a 


Boiler Loading Schedule 


HE question of boiler loading in a steam power 

plant, especially where there is a variety of sizes 

of boilers and variation in steam demand, has 
long been an interesting study. A great deal has been 
written on the subject and everyone seems to have a pet 
idea as to how the best loading can be accomplished. 
Many times an efficiency engineer will work out an ideal 
arrangement for a given condition or maybe for several 
conditions of steam demand, and then give the boiler 
room engineer specific instructions as to how the boilers 
shall be loaded on a certain day for a given load. This 
is all very well for the specific conditions, and he can run 
a test and get test results. However, we have made this 
question a sort of hobby and developed a plan whereby 
the boiler room engineer knows at all times just how to 
load each boiler for any given load in order to obtain 
the highest efficiency. He is responsible for results— 
not for a test, but for regular operation 24 hr per day. 

In order to develop such a schedule, it is necessary 
first to determine boiler efficiency for each boiler at 
various loads. Having obtained this data, we plot the 
values for each boiler on a separate sheet as in Fig. 
1, using evaporation in thousands of pounds per hour 
as the abscissa. In our own case this gives five distinct 
curves since we have five main operating boilers varying 
in size and design, and having variations in capacity 
from 110,000 to 250,000 Ib per hr. 

Our next step is to draw curves below each efficiency 
curve, showing steam temperature leaving the boiler. 
It may be observed that for these values we believe it 
best to use good average operating values rather than 
test results when the boiler and all heating surfaces are 
perfectly clean. In other words, it is well to give the 
operators a chance to obtain results approaching the 
bogey. 

We are now ready to develop an ‘Equivalent 
Efficiency”’ curve for each boiler. This is done by taking 
the actual efficiency curve for any load and making a 
plus or minus allowance for change in turbine heat 
consumption rate due to change in steam temperature. 
For example, we use 690 F as a base and allow 1 per cent 
per 12'/, deg of temperature change. We now have in 
Fig. 1, the complete data on one boiler. 

Every central station engineer knows within a few 
pounds how much coal is required for banking a boiler 
and thus can readily determine banking loss. Taking 
this loss into account, we now draw up a set of curves 
as in Fig. 2, which we call the “Combined Efficiencies’’ 
for various combinations of boiler arrangements. These 
curves are all very well for the efficiency engineer to 
ponder over, but they are of very little value to the man 
who is actually doing the work. Therefore, we have 
gone one step further and made up a tabulation showing 
how much steam should be obtained from each boiler to 
produce a given total steam requirement. In order to 
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By CHARLES F. TURNER 
Chief Operating Engineer 
Nebraska Power Co., Omaha, Neb. 


Description of the method employed 
by the Nebraska Power Company in work- 
ing up its schedule for loading boilers to 
obtain the best overall efficiency. This 
schedule is based on good average operat- 
ing values, rather than test results, and 
is arranged in a convenient form so that 
it can be carried by each boiler room engi- 
neer. 


show how this tabulation is derived, a specific example 
will be given. 

Assume the steam demand is 500,000 Ib per hr and that 
we have all five boilers on the line, what loading will give 
the best efficiency? From the individual efficiency 
curves, we make an estimate at a series of loads; say, 
50, 95, 95, 115 and 145 thousand pounds per hour on 
boilers Nos. 20, 21, 22, 23 and 24, respectively. Now, 
multiplying each output by its equivalent efficiency and 
dividing the sum of their products by the total steam 
demand, we obtain an “Overall Equivalent Efficiency’’ of 
84.08 per cent. Proceeding in the same manner with 
various combinations we obtain the results shown in 
Table I. 
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Fig. 1 Efficiency curves for individual boiler 
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Fig. 2 Combined efficien- 
cies for various boiler com- 
binations 


Equivalent efficiencies equal ac- 
tual or calculated efficiencies plus or 
minus the correction for change in 
station economy due to change in 
superheat. Banking charge equals 
800 lb per boiler per hour. 








NEBRASKA POWER CO. 
OMAHA, NEBR. NOV. 1933 





550 600 650 700 


STEAM DEMAND - THOUSANDS OF POUNDS PER HOUR 


From the above six combinations, it is quickly seen 
that the most efficient combination is the 60- 90- 90- 115- 
and 145 thousand pounds per hour arrangement which 
gives a ‘‘Weighted Equivalent Efficiency” of 84.16 per 
cent. This 84.16 is derived by dividing the sum of the 
products (42,080) by steam demand (500) which gives 
weighted average. 

Proceeding in increments of 25,000 Ib, the best com- 
bination is attained. For combinations involving one 
or more banked boilers, the same procedure is followed 
with deductions made for the banked units. The result 


TABLE I—METHOD OF OBTAINING BEST OVERALL EQUIVALENT 




















EFFICIENCY 
Boiler Thousands Equiv. 
Number Lb Hour Effys. 

20 50 x 82.20 = 4,110 
21 95 x 83.10 = 7,890 
22 95 4 83.10 = 7,890 
23 115 x 85.35 = 9,810 
24 145 x 85.05 Be 12,340 

500 84.08 42,040 
20 70 x 82.50 = 5,770 
21 90 x 83.25 = 7,490 
22 90 x 83.25 = 7,490 
23 115 x 85.35 = 9,810 
24 135 x 85.30 = 11,510 

500 84.14 42,070 
20 60 x 82.45 = 4,950 
21 85 x 83.30 = 7,080 
22 85 x 83.30 = 7,080 
23 115 x 85.35 = 9,810 
24 115 x 84.70 = 13,110 

500 84.06 42,030 
20 60 x 82.45 = 4,950 
21 90 x 83.25 = 7,490 
22 90 x 83.25 = 7,490 
23 115 x 85.35 = 9,810 
24 145 x 85.05 = 12,340 

500 84.16 42,080 
20 80 x 82.35 = 6,590 
21 85 x 83.30 = 7,080 
22 85 x 83.30 = 7,080 
23 115 x 85.35 = 9,810 
24 135 x 85.30 = 11,510 

500 84.14 42,070 
20 60 x 82.45 = 4,950 
21 75 x 83.35 = 6,250 
22 75 x 83.35 = 6,250 
23 135 x 84.80 be 11,400 
24 115 x 84.70 = 13,110 

500 84 42,000 


is that it is invariably more economical to keep as few 
banked boilers as possible. 

Table II is a copy of the operating schedule as given to 
each boiler room engineer. By making this schedule in 
convenient form, it may be pasted on a stiff back and 
carried in his pocket, thus making it always available. 

There is usually more possibility of saving real money 
in the boiler room than in any other part of the plant 
and therefore one should give the engineer all the help 
possible by giving him some definite information for 
ready reference. He will do the rest. 


TABLE II—OPERATING SCHEDULE 


Steam Boiler Number 
Flow M 
Lb Hr 24 23 22 21 20 

220 110 90 
225 125 100 
250 140 110 
275 150 125 - 
300 165 135 
250 100 100 50 
275 125 100 50 
300 125 100 75 
325 135 110 80 
350 145 120 85 
300 100 90 55 55 
325 115 100 55 55 
350 120 100 65 65 
375 125 105 70 70 
400 130 110 80 80 
425 140 115 85 85 
450 150 120 90 90 
475 160 125 95 95 
500 165 135 100 100 
525 170 135 110 110 
550 180 140 115 115 
575 185 150 120 120 
600 200 160 120 120 
350 100 90 55 55 50 
375 115 100 55 55 50 
400 120 100 65 65 50 
425 125 110 70 70 50 
450 135 105 80 50 
475 145 115 80 80 55 
500 145 115 90 90 60 
525 150 125 90 90 70 
550 155 125 95 95 80 
575 160 130 100 100 85 
600 165 135 105 105 90 
625 170 135 110 110 100 
650 180 140 115 115 100 
675 190 155 115 115 100 
700 200 160 120 120 100 
725 215 170 120 120 100 
750 225 180 120 125 100 
775 235 185 125 130 100 
800 245 190 125 130 110 


It costs us 800 lb coal per hour to bank a boiler. Therefore, as many boilers 
as possible should be kept on the line at all times unless it is intended to let a 
boiler out entirely; In other words, the fewer the banking hours the better. 
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Firing Studies in an 


Institutional Power Plant 


By E. G. ROBERTS 
Assistant to Director 


Tuskegee Normal and Industrial Institute 


EN mapping out future plans of operation for 

a power plant calculations are sometimes based 

on selected or isolated data from the plant 
records. The engineer may pick out an evaporation 
which is representative for the type of firing employed, 
and the remaining data used may be based on desirable 
figures that do not appear sufficiently often on his plant 
records. This form of investigation is likely to give 
anticipated results that are far above the particular 
plant’s usual level. Sometimes figures are taken from a 
summary of records of different plants throughout the 
country, but one can hardly expect to obtain a true 
picture of the plant’s operation when using this procedure 
as there are sectional differences which are readily re- 
flected in the cost of transportation, labor, maintenance 
and repair work. There is also the possibility of high 
repair and renewal costs because of the age of the equip- 
ment. These changing unit costs, which occur more 
frequently in the small and medium sized plant, are 
sufficient reason for a separate study of each plant based 
on its own particular conditions. 

Private institutions and schools frequently allow their 
plants to stand off as neglected members of the building 
group, especially when a study of antiquated or obsolete 
equipment is carried out. Other than to carry on the 
operation from year to year without increases in the 
budget, very little attention is focussed on relative costs 
such as maintaining the steam-driven boiler feed pumps, 
a comparison of firing with stokers against hand firing, 
or the fluctuating costs of maintaining grates, walls and 
tubes on antiquated boilers. It is the engineer’s re- 
sponsible task to isolate these conditions of wasteful ex- 
penditure, and at the same time to recommend new 
policies which will serve to reduce materially the operat- 
ing costs and consequently to reduce the financial out- 
lay of the institution. He must gain the right to lay his 
findings before the authorities just as does an accountant. 

It is the purpose of this article to present such a survey 
of firing in an institutional plant from detailed data ob- 
tained from the cost accounting and operating records of 
its recent years of operation. The object is to gain a true 
perspective of the plant’s condition throughout, based on 
the past few years records averaged to cover an operating 
period of one year. This accounting covers two different 
types of firing, namely, underfeed stokers of the single- 
retort type, burning a southern bituminous coal, and 
natural gas firing with multiple burners. 

In preparation for a survey of this nature, the follow- 
ing must be established: cost of handling and firing 
the coal and removing the ashes; average operating 
efficiencies for the two fuels; maintenance and power 
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An accounting of power plant records and 
costs setting out a future policy of base 
load operation with coal and peak load 
operation with gas firing in an institu- 
tional plant operating with two stoker- 
fired and two gas-fired boilers and two 
hand-fired boilers in reserve. 


costs of the equipment utilized in conveying the water 
to the boiler, firing the fuels, and aiding in the trans- 
formation of water into steam; consistent analyses of the 
flue gases with the two fuels; and lastly, average daily 
steam load conditions for the year. In Table I, is listed 
the coal analyses, the air and products of combustion for 
the given consistent value of excess air, also the Orsat 
analysis and calorific value of the coal. 

Table II gives the corresponding physical data for the 
natural gas. Table III gives the heat balance for the two 
fuels, in per cent. Table IV gives the special data from 
averaging the yearly records and from plotting the steam 
load conditions from the load curve shown. Table V gives 
the yearly records of the costs of producing steam in this 
plant for four years, representing the lowest yearly cost 
figures of fuel firing over a period of fifteen years. 

With this essential summary of facts to work with, it 
is with the greatest of assurance that one can project 
the costs of operation into the future. The future policy 
to be studied on the basis of the existing records is base- 
load operation with coal firing, with the peak loads car- 
ried by the gas-fired boilers. 

It is first necessary to find the cost of firing the fuels 
at the furnace door. Starting with the coal and tabulat- 
ing all costs relative to this work we have the following: 


Coal per ton cost, cars to destination...............- Weseee $4.18 
Cost per ton dry basis (coal weighed by carriers contains 4 per cent 





pO PR errr rere reer ere er CTT $4.35 
Cost of unloading cars, labor per ton... ........eceeeeeeeeereeees 0.05 
Cost of maintenance of pumps, stokers, boilers and conveyors...... 0.126 
Cost of labor for firing, rolling and ash removal...............++- 0.562 
Total cost of coal per ton fired at furnace..........-..62eseseeeee $5.088 


To obtain the set-up for base-load operation with coal 
it is necessary to refer to the daily steam load chart for 
the year, here shown. On this chart a line is drawn which 
represents the total steam load that can be produced con- 
tinuously by two 250-hp bent-tube three-pass stoker-fired 
boilers, operating at a continuous rating of 175 per cent. 
Under these conditions the coal will produce continuously 
726,000 Ib of steam per day, or 166,508,000 Ib during 
the school year. 
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TABLE I. FIRING WITH A SOUTHERN BITUMINOUS COAL 
ORSAT READINGS AND CALORIFIC VALUES REPRESENT CON- 
SISTENT AVERAGES OF TESTS TAKEN OVER APPROXIMATELY 
FIFTEEN MONTHS 


Orsat Analysis Ultimate Analysis 











13.1% 2.3% 
6.5 5.4 
0.5 71.3 
79.9 1.7 
9.6 
9.7 
100.0% 100.0% 
Btu (dry) as fired, 13,500 Btu (dry) 14,100 
Weight of air required and products of combustion 
Wet. required Air 
for perfect required Products of Combustion 
combustion Oz Air CO: O2 N:2 H:0 SO2z 
c 0.713 1.901 8.220 2.619 6.310 
Hz 0.054 0.432 1.867 1.435 0.486 
N: 0.017 0.017 
O: 0.096 0.096 
Ss 0.023 0.023 0.099 0.086 0.046 
Ash 0.097 2.356 10.186 2.619 0.096 7.838 0.486 0.046 
O: asin gas 0.096 00.418 0.096 0.319 
SOz as COz 0.046 0.046 
2.260 9.771 2.665 0.000 7.519 0.486 0.000 


The Se pe of air theoretically required for complete combustion is 9.771 
Ib per Ib of coal. For each 10 per cent in excess of this amount, there will be 
added to the products of combustion: 


0.9771 X 0.2315 = 0.226 Ib O: 
0.9771 X 0.7685 = 0.750 Ib N2 


Weights of products for excess air of 28.2 per cent 
100% 128.2% 


CO: 2.665 2.665 

Os 0.000 0.637 Weight of air required for the combustion of the coal 
Ns 7.519 9.634 equals 13.422 — 0.486 = 12.94 lb air per lb coal with 
H:0 0.486 0.486 28.2% excess air. 





10.670 13.422 


The gas which will serve to take the peak loads, will 
produce 23,370,000 lb of steam for the year, taking the 
load above the base load line shown. Included in this 
amount will be the steam which must be produced by gas 
firing when the stoker-fired boilers are undergoing re- 
pairs, cleaning or inspection. Two days per boiler per 
month has been allowed for this routine on the basis of 
past experience. In the summer the two stoker-fired 
boilers will alternate on taking the load. Very seldom 


TABLE II. BURNING NATURAL GAS 
ORSAT ANALYSIS AND CALORIFIC VALUE REPRESENTS THE 
CONSISTENT AVERAGE OF SERIES OF TESTS TAKEN OVER 
APPROXIMATELY FIFTEEN MONTHS TO TWO YEARS 


Orsat Analysis Ultimate Analysis 
Volume Weight, “——" 
Ib 


0 








bso ks.0 9.51% Methane (CH) 0.906 .040800 0.8424 
rrr 3.10 Ethane (C:Hs) 0.042 .003280 0.0677 
ee 87.39 COs: 0.006 .000741 0.0153 
Oxygen (O:) 0.002 .000178 0.0036 

100.00% Nitrogen (N2) 0.044 .003440 0.0710 

20.9% Excess Air. 1.000 .048439 1.0000 


Air required for perfect combustion by weight 








Lb required Air 
for perfect required Products of Combustion 
combustion Ob: Air CO: Oz H:0 N:2 
CHs 0.8424 3.370 14.55 2.320 1.895 11.19 
C:He 0.0677 0.253 1.093 6.1985 0.129 0.840 
COs 0.0153 0.0153 
Oz 0.0036 . 0036 
No: 0.0710 0.071 
1.0000 3.623 15.643 2.534 .0036 2.024 12.101 
O:2 in Gas 0.004 0.016 .0036 0.012 
3.619 15.627 2.534 .0000 2.012 12.101 


The weight of air theoretically required for the complete combustion of one 
pound of gas is 15.627 lb. For each 10 per cent in excess of this one pound of 
gas, there will be added to the products of combustion: 


1.5627 X .2315 = 0.362 Ib Or 
1.5627 X .7685 = 1.200 Ib Na 


Weights of products of combustion for excess air of 20.9 per cent 
100% 120% 





CO: 2.534 2.534 
Os 0.000 0.756 The weight of air required for the practical com- 
Nz 12.101 14.609 bustion of the gas with 20.9 per cent excess air will be: 
H:0 2.012 2.012 Ib dry air per lb gas = 19.911 — 2.012 
= 17.899 lb 
16.647 19.911 


Consistent average value of a cu ft of natural gas obtained from a series of 
tests is 1000 Btu. 
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TABLE III, HEAT BALANCE OF THE TWO DIFFERENT FUELS 
FOR THE MOST REPRESENTATIVE AVERAGE ANALYSIS OVER 
A LONG TIME PERIOD OF PRACTICAL COMBUSTION CONDITIONS 











Southern 
bituminous Natural 
coal Pe 
28.2% 20.9% 
excess excess 
air air 
Per cent Per cent 
Bient ahaetbed By Ge BGG. occccccccccccceccccccs 73.20 69.00 
Heat loss due to moisture in the fuel................ 0.17 0.00 
Loss due to burning of hydrogen.................... 4.54 12.05 
Loss due to heat in the chimney gases 12.33 9.70 
Loss due to moisture in the air............. 0.28 0.00 
Loss due to incomplete combustion of carbon......... 1.86 0.00 
RAED NS SP GEO OE Be oc och oc ccevdsccrerveccues 2.29 0.00 
Radiation and unaccounted for losses................ 5.20 9.26 
100.00 100.00 


will the gas-fired boilers be required to take summer peaks 
or to take the full loads unless some emergency or break- 
down occurs. From our past experience it has been 
found that one million pounds of steam is sufficient to 
allow for these irregularities as well as any others which 
may arise. One will notice that there is no banking of 
fires in this method outlined above. Should either of the 
two hand-fired boilers be used they will be fired up to their 
full rating, eliminating standby losses, and our only worry 
would be the average high evaporation which must be 
obtained. 


Coal Cost for Base-Load Operation 


At the required steam pressure and temperature 
and with feedwater at 210 F it will take 


1015 X 1000 
0.732 X 13,500 
The total cost of producing 1000 Ib steam with coal will be 


5.088 
2000 





= 102.6 lb of coal per 1000 lb steam. 


102.6 X = $0.261. 


Gas Cost for Peak Load Firing 


The unit cost per thousand cubic feet of natural gas 
will depend on the volume consumed. Maintenance and 
labor charges are far smaller than what has been found 
chargeable to the firing of coal in boilers, yet a charge is 
available. It will be easier to make allowances for these 
charges when figuring the gas fuel cost later in this 
paragraph. To develop 23,370,000 lb of steam by gas 
firing with an equivalent evaporation of 0.790, it will 
require 29,600,000 cu ft of natural gas with an industrial 


rate as given below. This amount of gas would cost: 
First 500 M cu ft @ $0.31—$155.00 

Next 1000 Mcuft @ 0.24— 240.00 
Next 1000 Mcuft @ 0.21— 210.00 
Balance 27,100 M cu ft @ 0.18—4878.00 


29,600 M cu ft $5483 .00 





5483 
29,600 


1000 cu ft at the meter. For the time of operation which 
will be far less*than one year, the maintenance, power 


The average cost of gas will be = $0.1852 per 


TABLE IV. SPECIAL DATA 
The values stated below are average values. 


DE DRUINOID, cincecccccdescodccdeos viotesssee 210 F 
Pee: CRO CEOs ob 6 60.0.0 cv dr eceonsespesenes 65 F 
en cee tcbpakenhaenesbane> 625 F 
NE IIIs on Shs do 6c ba wacpabeds (Abb bE 131.0 lb per sq in. 
Steam produced by base load firing (under line on curve 

SEL: SES Any 9 bin hive Shred aa de asia bed > ah sb e eka 166,508,000 Ib 
Steam produced by peak load firing (above curve line in 

EE Eka nes aba exsh bs ea Wil ee 6 wRRaes dake LAWS OO 23,370,000 Ib 
Total steam produced for the year...............s00+5 189,878,000 Ib 
Heat added to water per pound............seeeeeeeees 1015 Btu 
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and labor costs for gas firing will amount to $250.00. overcoming losses that are least expected. However, 


Adding this to the gas cost, the total costs will increase 
to $5730.00. The average price of the gas per 1000 
cu ft delivered to the furnace becomes: 


5730.00 


39,600 = $0.1935 


With an operating efficiency of 69 per cent when 
burning gas and knowing that the boiler must supply 
1015 Btu per pound of steam, we can readily obtain 
the number of cubic feet of gas required to generate 1000 
lb of steam under these conditions: 

1015 X 1000 
—_—_———. = 1.471 M cu ft of gas per 1000 lb of steam. 
1000 X .690 

The total cost of producing 1000 lb of steam by natural 

gas burning at peak loads will be: 


1.471 X 0.1935 = $0.2846 


Base load operation by coal—peak load taken by gas: 


Coal—166,508 X 0.261 = $43,458.59 
Gas — 23,370 X 0.2846 = $ 6,631.10 


$50,089.69 


If the reader will now refer to Table V, he will notice 
that at no time during the plant’s operation has the 
yearly fuel and firing cost been this low. The records 
shown in Table V are for a composite firing of gas and 
coal; 20 to 50 per cent of the total steam produced was 
obtained from gas firing, and from 80 to 50 per cent from 
coal firing since 1932. Prior to this time all steam was 
produced by coal firing. 


Recapitulation of Different Points in the Study 


From a study of the heat balance, the engineer can 
diagnose the cause of his principal heat losses. This 
follow-up method of observation is familiar to all operat- 
ing engineers as an invaluable method of locating and 
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under the conditions of this study, any remedial changes 
will effect or improve average conditions over a long time 
period because it is to be remembered that all data has 
been averaged for periods of one year. 


TABLE V. YEARLY RECORDS OF THE COSTS OF PRODUCING A 

QUANTITY OF STEAM IN THE SAME PLANT, THE TOTAL OF 

WHICH FOR EACH YEAR IS LESS THAN THE TOTAL GIVEN ABOVE, 

FOR FOUR YEARS REPRESENTING THE LOWEST FINANCIAL 
OUTLAY 





Costs—Year: 1928-1929 1929-1930 1932-1933 1933-1934 
4 See $63,822.63 $62,623 .65 $49,743.27 $48,693.76 
Labor.... 7,342.00 7,152.00 6,024.00 6,213.00 
Maintenance... 1,500.00 2,500.00 2,090.29 2,090.29 
TOPAk <6 $72,664.63 $72,275.65 $57,857 . 56 $56,997 .05 


From experience we have found the flue gas with 
natural gas firing will run somewhat lower in CO, due 
to the poor mixing of the gas and air with the abruptly 
changing load conditions. This fact will lower the results 
obtained to some extent, hence affect the costs because 
of the anticipated sharp load changes for the peaks. The 
increased cost, whatever it may amount to, will be ab- 
sorbed by the higher efficiency of coal operation which 
is anticipated but was not used in the computation. 

There has been a decrease in the maintenance costs of 
firing during the last two years. This fact is directly at- 
tributable to the rebuilding of the two stoker-fired units, 
which carried the major portion of the load during this 
period of operation. If an increased percentage of the 
load is given to the stoker-fired boilers, it stands to 
reason that a larger increment of reduced maintenance 
costs will be expected. The maintenance costs for the 
gas-fired boilers are not decreasing; if anything, they 
are increasing because no complete overhauling has 
been done on these two units. Again, a reduction of 
operating costs will further increase the savings under 
the future policy as outlined. 


Summary and Conclusions 


1. A comparison of maintenance, power and labor 
costs per ton of coal fired with 1000 cu ft of gas burned 
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can be made with the supporting data obtained aiter 
careful study of past operating records. From the re- 
sults, a means of checking up on the operation can be 
effectively introduced with a view to increasing either the 
efficiency or the economy of operation. In the light of 
the results as obtained, future policies differing from the 
present types of operation may be instituted. 

2. In a fashion similar to the auditing procedure in 
a commercial concern, we have here a method of approach 
which will serve to illuminate the respective advantages 
or disadvantages of all types of firing under any circum- 
stances or at any location, whether the fuel be wood, 
pulverized coal, gas, anthracite coal or oil. 

3. Maintenance costs of various items can readily be 
compared with standard figures, to obtain a rough com- 
parison of the plant’s unit operation costs with other 
standards. In the case of maintenance costs, too great a 
discrepancy in the comparison will serve to tell the engi- 
neer that it would be cheaper to buy new equipment. 
Likewise, too great a difference in unit labor costs will 
show too high a percentage of labor whether it be un- 
skilled or skilled. 

4. This study paves the way to finding the best 
policy of operation and incidentally the fuel that will 
bring about the best performance. Coal would not have 
proved to be the best fuel to use if standby and banking 
operations had been included for all coal firing, eliminat- 
ing the gas firing in the meantime. 

5. Lastly, because of the reduction of expenditures 
in the yearly operating budget to an amount far below 
the figure set out for this period, there will be funds re- 
turnable to the plant’s credit. This can serve as a sink- 
ing fund from which sums may be drawn to purchase new 
equipment; to take care of carrying charges on new 
equipment; or to replace old equipment by following a 
definite plan of plant rehabilitation for the boiler and 
pump room. 





Pulverizing Characteristics of Coal 


The A.S.T.M. Subcommittee on Pulverizing Charac- 
teristics of Coal recently approved for presentation to 
the main committee two tentative methods of test for 
determination of grindability of coal. One of these 
methods is a ball-mill method developed at the North- 
west Experiment Station of the U. S. Bureau of Mines, 
and the other is a method devised by R. M. Hardgrove 
which makes use of a specially designed machine. The 
latter has the advantage of speed in testing, whereas 
the ball-mill method requires a somewhat longer time 
but has the advantage of low cost of equipment. 

These two methods were selected after a careful co- 
operative investigation of various methods whereby 
grindability tests were made by different laboratories 
on a series of five coals covering a wide range in hard- 
ness. Standardization of methods for determination of 
coal grindability is important in evaluating the pulver- 
izing characteristics of various coals of the country and 
in checking the operation of mills used for the produc- 
tion of pulverized coal for boiler plants. 
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Addition of Limestone Reduces Grate 
Troubles with High Silica Coal 


Many western coals have rather undesirable slagging 
properties. The slags formed are corrosive to stoker 
grates and, due to their low melting points, have a 
tendency to be very fluid. They run over the grates and 
interfere with the passage of air through the fuel, in 
addition to imbedding comparatively large amounts of 
unburned carbon. In order to devise methods for pro 
ducing a suitable clinker from these coals, a careful 
study was made of the ash from a number of Utah coals. 
The results of these investigations are reported in a 
paper by Messrs. Cowles, Ravitz and Peck to be pre- 
sented before the American Chemical Society at New 
York on April 26. 

It was found that in most cases the proportion of silica 
in the ash was comparatively high. As the screen sizes 
increased, the silica increased and the lime decreased. 
Indications are that the high silica content of the coal is 
responsible for grate corrosion. The addition of lime- 
stone raised the melting point of the slag several hundred 
degrees, greatly decreased the corrosion of the grates and 
produced a porous satisfactory clinker. 


Production of Electricity up to 1929 


The following chart compiled by the U. S. Geological 
Survey, shows the total production of electricity for 
public use in the United States by months for several 
years past, also that generated by fuel and by water 
power. Averages for preceding years are ind‘cated at 
the right. 
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Revised Rules Issued for Fuel Burning 
Equipment 


The Department of Smoke Regulation, Hudson 
County, New Jersey, has just issued its revised rules 
covering the installation of fuel burning equipment. 
These apply to stationary power boilers, portable boilers, 
heating boilers, domestic warm air furnaces, incinerators 
and process furnaces. Rules for locomotives and marine 
equipment are to be issued later. The following are 
excerpts from the regulations pertaining to power boilers: 

Each power boiler having more than 120 sq ft of 
heating surface shall be equipped with a mechanical 
underfeed or chain-grate stoker, apparatus to burn 
pulverized coal, oil burners or gas burners. 

Chain-grate stokers shall have an ignition arch with 
a minimum length equal to three-fifths of the length of 
the active grate and such stokers shall be provided with 
overfire air with a minimum static pressure of 12 in. of 
water at the nozzle. Each such stoker, together with 
the number and location of the nozzles shall be approved. 

If steam-air jets are used in an existing power boiler, 
there shall be one such jet for each 300 to 500 sq ft of 
heating surface or fraction thereof, and the minimum 
number of such jets shall be three. Their location and 
construction shall be approved by the Department. 

Minimum furnace heights of power boilers equipped 
with mechanical stokers, to be operated at 150 per cent 
or less, are to be installed in accordance with minimum 
furnace heights as recommended by the Stoker Manu- 
facturers Association. Where the boilers are to be 
operated at more than 150 per cent rating the furnace 
heights shall be subject to special ruling by the Depart- 
ment. 

When pulverized coal is to be used the required com- 
bustion space for all power boilers having a maximum 
rating of 500 hp or less, and having refractory walls, 
shall be determined on the basis of a maximum heat 
liberation of 20,000 Btu per cu ft per hr. Where oil is 
used as fuel, the required combustion space for all power 
boilers having a maximum rating of 500 hp or less, and 
having refractory walls, shall be determined on the basis 
of a maximum heat liberation of 30,000 Btu per cu ft 
per hr. For larger boilers and other types of walls, with 
either pulverized coal or oil, complete details of design 
shall be submitted. An acceptable method of collecting 
fly ash from the stacks or breechings of all pulverized coal 
plants shall be provided. 

All fuel burning plants shall be equipped with smoke 
indicators or similar devices approved by the Department 
of Smoke Regulation, to enable the operating crew to 
observe smoke conditions from the boiler room at all 
times. This provision shall apply to all existing boilers 
having more than 250 sq ft of heating surface, when new 
oil burners or mechanical stokers are installed. 

Designs of stoker, oil burners and pulverized coal 
burning equipment shall be submitted to the Depart- 
ment for approval in all cases. 

Copies of these revised rules may be obtained by 
addressing the Department of Smoke Regulation, Court 
House, Jersey City, N. J. 
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story about 


COMBUSTION ! 


S LONG as fuel continues to be a factor 
in daily operating expenses, Hays CO, 
Recorder-Indicators will have a valuable story 
to tell in any boiler plant where engineers are 
interested in reducing costs. These com- 
bustion recorders automatically combine up- 
to-the-minute CO, readings with flue gas 
temperature and furnace draft, or other 
pressure and draft readings, to tell you ex- 
actly what is happening in the furnace at all 
times. 





CO, content is actually analyzed by the 
genuine Orsat method and, even after years 
of service, you can expect accuracy never 
varying more than 4% of 1%. This accuracy 
is made possible by Hays’ development of an 
ingenious hydraulic operating cycle which 
eliminates mechanical moving parts and in- 
sures uniform conditioning of gas samples. 


After installation, Hays CO, Recorder- 
Indicators require minimum attention. Any- 
one can dismantle or assemble a complete 
instrument in a few minutes time. Cali- 
bration is equally simple. The supply of 
caustic lasts for months without replenishing. 
The use of a “‘tattler jar’? enables you to tell 
at a glance how everything is working. 


Write for complete information or call our 
nearest representative—trained specialists are 
located in all leading cities. 





THE HAYS CORPORATION 
750 E. EIGHTH ST. 


MICHIGAN CITY, IND. U.S.A, 


Combustion Instrument Specialists Since 1901 
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Greatly Improved G-E Design 
brings you 


1 Increased efficiency of generafor and other 
electric equipment 


2 Greatly decreased maintenance costs 


G-E Type GDA generator-voltage regulators are spe- 
cially designed for industrial applications. They repre- 
sent the most significant advance in regulator design 
since the development of the Tirrill regulator more than 
30 years ago. They will increase the efficiency of gen- 
erators, motors, heating equipment, lamps, welding 
equipment, in fact, all electric apparatus — require neg- 
ligible maintenance expense over ordinary regulators— 
and so help to increase your profit. 


A General Electric representative will be glad to explain 
the advantages of these regulators and will help you 
choose the most economical regulation equipment for 
your machines. For further particulars, call the nearest 
G-E office or write General Electric, Dept. 6T-201, 
Schenectady, N. Y. The coupon is for your convenience. 
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4 The new G-E Type GDA regulators are built 
around a wide-range, quick-acting rheostatic 
element of new and novel design. This rheo- 
stat provides an infinite number of smooth 
resistance steps from practically zero to the 
maximum. 


As the operating arm—actuated by a voltage- 
sensitive, torque-motor element—moves 
downward, more and more of the resistance 
is Cut out until finally the current flows through 
a series of silver button inserts embedded in 
the carbon plates of the rheostat. This pro- 
vides practically zero resistance and allows a 
broad range of control from a small rheostat. 
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profit with 


Voltage Regulators 





MORE EFFICIENT ELECTRIC-EQUIPMENT 
OPERATION — available through minimized 
losses, saving in energy required. Example: a 15% 
voltage rise (to normal) may reduce the losses in a 
typical 30-hp. induction motor at full load as much 
as 25%, increase starting torque about 28%, 
decrease slip about 39%, cause a 20% decrease in 


Ba 

temperature. EEFICIENCY INCREASES NORMAL 
TAGE 

y ) BETTER ILLUMINATION — For example: As SS ont 


a 5% rise in voltage (to normal) increases ve 
illumination 15%. _- 





CONTINUITY OF SERVICE, LONG EQUIP- 

MENT LIFE, FEW OUTAGES — stabilized 
voltage reduces loss of load or manufacturing diffi- 
culties caused by changing speed or voltage. 


Curves showing improved motor operating characteristics as 
voltage rises to normal 


apace FAST, ACCURATE VOLTAGE 
CONTROL—new type rheostatic element pro- 
vides an infinite number of resistance steps from 
zero to maximum. Direct action, negligible heating 
and frequency error. 





REDUCE OPERATING COST — RELIEVE to normal 
OPERATOR OF RESPONSIBILITY—regula- 
tors may be left in exciter circuit at all times; simple 


5 Curves showing how illumination is increased as voltage rises 





to operate, completely automatic, require minimum Send this coupon to obtain free copies of publications 
adjustment. No vibrating contacts, few moving which completely describe and illustrate these new reg- 
parts—reduce maintenance and wear, eliminate bY Cos fob a-Moselo Math adel-) Mel-t-tolgtel- Mist: MB ojcehitt-Meoa dettleds) CM 
contact trouble. Regulators operate only when cor- 














recting voltage. General Electric Company, Dept. 6 T-201 
Schenectady, N. Y. 

6’ INSTALLATION COST —easy to in- dts 

stall, require only four leads, no auxiliary Please send me your publications GEA-2104 and GEA-2022. 
relays. Suitable for any type of mounting. Name 
7 SAVED SPACE— IMPROVED SWITCH- Fine. : 

BOARD APPEARANCE—regulators are Street = 
small, compact, self-contained, attractive, contain all ‘City BH 2-0 ‘Siete 2 Sane 
accessories except potential transformers. "ty Laden , 680-2 


ELECTRIC 


COMBUSTION—April 1935 23 








Nanking, China 






Extends its Power Facilities 


The boiler plant of the 10,000-kw ex- 
tension now being made to this Chinese 
central station consists mostly of Ameri- 
can equipment in contrast with equip- 
ment of German make in the original sec- 
tion of the station. Steam is supplied 
by two steam generators, each rated at 
100,000 lb per hr (132,240 lb maximum 
capacity), each served by two air-swept 
tube mills and corner fired by duplex tan- 
gential burners. A high ash, local coal 
is burned and, in order to care for both 
the present and anticipated load demands, 
the boiler plant was designed for a wide 
range in rating. 


municipality of Nanking, China, has for some years 

operated with a steam station containing two 
70,000-Ilb per hr cross-drum, sectional-header boilers 
of Borzig design, fired by Steinmuller (German) forced- 
draft, chain-grate stokers, and supplying steam to a 
2500-kw turbine-generator. A steadily increasing in- 
dustrial and domestic load, especially in the use of elec- 
trical appliances, made it necessary early in 1934 for the 
company to plan for an extension to the present station. 
These plans took into consideration not only the needs 
of the immediate future but anticipated the probable 
increase in load several years hence. 

Accordingly, inquiries for equipment were submitted 
by the company to a number of European and American 
firms. All proposals were reviewed by a committee of 
seven appointed by the National Construction Council 
of China. With one or two exceptions, the boiler plant 
equipment finally selected was of American manufacture. 

The conditions to be met involved a fairly steady load 
with occasional peaks. This load will be low in the 
immediate future, but to take care of anticipated growth 
two boiler units of 100,000 lb per hour continuous rating 
(with maximum efficiency at 80,000 Ib per hour) were 
specified to supply 10,000-kw turbine capacity. A steam 
pressure for the present of approximately 400 Ib was de- 
cided upon although the equipment was to be capable of 
operating at a somewhat higher pressure should future 
conditions so warrant. The Hwanan Coal burned 
at this plant has the following proximate analysis: 


| HE Capital Electricity Works, which serves the 


Moisture 9.27 per cent 
Volatile 28.49 per cent 
Fixed Carbon 43.49 per cent 
Sulphur 0.96 per cent 


Ash 18.75 per cent 
Fusing temperature of ash 3002 F 


After considering proposals covering several types of 
boilers, with both stokers and with pulverized coal firing, 
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the Committee finally decided upon two C-E steam gen- 
erators, Kennedy-Van Saun air-swept tube mills and 
C-E tangential pulverized coal burners, of the duplex 
type, orders for which were placed through the Sintoon 
Overseas Trading Company last summer. 

The high percentage of ash in the coal made it de- 
sirable to pay special attention to the fineness and tni- 
formity of pulverizing, to the velocity of fuel and air and 
to the length of flame travel. Also, the high surface 
moisture and the necessity for insuring satisfactory com- 
bustion at light loads dictated the use of preheated 
air at approximately 400 F. On the other hand, high melt- 
ing point of the ash permitted a simple ash-pit design. 

The steam generators are designed for 525 lb per sq in. 
but will operate at 400 Ib at the superheater outlet for the 
present and 725 F steam temperature. They may be 
operated at 470 Ib in the future if desired. Each has 
9542 sq ft of water heating surface of which approxi- 
mately 80 per cent is in convection surface. There is 
also 2420 sq ft in the Elesco superheater located upon the 
furnace roof tubes. The C-E plate-type air heater, 
located immediately behind the drums and forming an 
integral part of each unit, has 25,700 sq ft. P'ain tubes 
are used for the water walls and water screens. The 
upper drum is 48 in. diameter and the lower drum 42 in. 
diameter both being fusion welded. The entire unit, 
including the air heater, is enclosed in a steel casing over 
2 in. of firebrick and 3 in. of rock wool. 

Each furnace is fired by eight tangential burners, two 
in each corner, and at guaranteed rating the calculated 
heat release will be around 30,000 Btu per cu ft. 

Inasmuch as the load will at times be light, especially 
during the next year or two, the units were designed for a 
wide range in rating, namely, from 27,600 lb of steam per 
hour to a maximum for two hours of 132,240 lb of steam 
perhr. There are two mills per boiler and the fuel piping 
is so arranged that each mill supplies four burners, one 
in each corner; that is, one mill supplies the upper 
burners and the other the lower burners. Hence at light 
loads only one mill will be in use. 

Provision is made for tube cleaning by the installation 
of six Bayer soot blower elements per generator. Four 
of these are mounted so as to blow the water walls com- 
prising the combustion chamber and the remaining two 
will clean the horizontal and vertical banks of convection 
tubes respectively. 

Among the beiler accessories of American manufacture 
selected are Copes feedwater regulators, Reliance gauge 
columns, Crosby steam gages and Edward blow-off 
valves. Extension of the existing coal handling system 
is being furnished by the Jeffrey Manufacturing Com- 
pany. The forced- and induced-draft fans, it is under- 
stood, have been ordered abroad. 

The steam generators were shipped from this country 
late in December and are now being erected. 
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Cross-section through one of two steam generators now being installed at Nanking, China 
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Equipment skown in black indicate points at which Cochrane Engineering in- 
creases efficiency and saves money in steam power plant operation 


AUTHORITY 


N every division of industry there are certain 
names that stand out beyond all others as 
representing final authority, both in respect of 


products and of engineering. 


In the field of steam power plant operation, the 
name COCHRANE, for nearly three-quarters of 


a century, has been recognized as the standard 
authority on the vital subject of water condition- 


ing, from raw to finished steam. 


* COCHRANE DEAERATING HEATERS « 


As an example, the 6000 Series, Cochrane Deaerating Heater, 
for providing deaerated boiler feedwater, insuring against oxy- 
gen corrosion of piping, economizer, boiler and turbine, employs 
the “parallel flow” principle of operation, a principle which has 
made obsolete other methods of operation. The increased eff- 
ciency and greater economy resulting from the installation of 
this equipment, backed by Cochrane engineering service, are 
the result of well-defined Cochrane advantages, completely de- 
scribed in Bulletin 700. Write for your copy today. 


COCHRANE CORPORATION 


Dept. 17th & Allegheny Ave., PHILADELPHIA, PA. 
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Power Developments at the 


Jersey City Plant of 


Colgate-Palmolive-Peet Co.” 


An account of the growth in power and 
steam demands during the past thirty- 
nine years. Until now steam for power 
has been supplied at 145 lb pressure to 
Corliss engines exhausting at 5 lb back 
pressure, for heating and some process, 
and the major portion of the process 
has been supplied direct at 90 lb. Two 
new 60,000-80,000 lb per hr bent-tube 
boilers are now being installed to operate 
at 448 lb pressure. These will burn No. 4 
buckwheat on travelling-grate stokers 
and will supply steam to a 1000-kw tur- 
bine-generator exhausting at 95 lb. Two 
smaller units are also being installed, one 
of 250 kw capacity taking steam at 90 lb 
and exhausting at 5 lb and the other of 
350 kw to operate between 4 lb and con- 
denser vacuum. A third boiler and a sec- 
ond 1000 to 1500-kw turbine will be installed 
later. 


HEN electric power was introduced at the Colgate 
\\/ oi in Jersey City about 1896, an error in 

arithmetic was destined to have far-reaching 
consequences. A 25-cycle, belt-driven generator was in- 
stalled and in figuring the pulley diameter, somebody 
slipped up exactly 10 per cent. The result was a fre- 
quency of 27!/: cycles which is still standard for about 
two-thirds of the plant’s power consumption. 

It is difficult to conceive that the mistake could have 
gone unnoticed very long, but I can readily picture the 
reasons for not correcting it. Production foremen were 
probably enthusiastic over the output of their machines 
and no difficulties were experienced on account of the 
higher speed. Under those circumstances, to suggest 
a change which would decrease production capacity 
would be nothing short of sacrilegious. Thus, a power 
system of 27'!/2 cycles, 2-phase, 220 volts and four-wire 
distribution kept growing until 1928. 

At that time a new process for soap powder called for 
additional power in excess of the plant’s generating ca- 
pacity. In order to get the process in operation without 
delay it was decided to purchase power from the Public 


* A paper before the Metropolitan Section A.S.M.E., New York, Mar. 27, 
1935. 
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Service company. In this connection we considered 
upon converting the purchased energy to parallel our own. 
With a direct-connected motor-generator set the least 
number of poles that would change the frequency ex- 
actly was 48 on the 60-cycle and 22 on the 27'/2-cycle 
end at 150 rpm. This would have been a bulky and 
expensive machine. A 22- and 10-pole machine would 
make the change from 60 to 27'!/, cycles and would have 
meant a scant 1 per cent slower motor speeds throughout 
the plant but even 1 per cent was enough to raise objec- 
tions from production departments. 

Some of the company’s executives did not look with 
favor on the idea of investing more money in 27'/2-cycle 
equipment. In the years since the first generator in- 
stallation they had witnessed how the old controversy 
of 25 versus 60 cycles and 2-phase versus 3-phase had 
been settled in favor of 60 cycles, 3 phase. We all re- 
alized the advantages of adhering to a common, nation- 
wide standard and it was finally decided to introduce a 
second power system in the plant of 60 cycles, 3-phase, 
440 volts, distributed over three wires. At the same 
time it was decided to run the new distribution lines so 
that the majority of future motor installations could be 
60-cycle, 3-phase. Since 1928 the 3-phase system has 
grown to over 1000 hp installed motor capacity and 135 
kw installed lighting. 

Naturally the question of generating the 3-phase power 
at our own plant came up for consideration. The soap 
industry is inherently well suited for generating its own 
power as a by-product from its steam requirements. The 
ratio of steam consumption to power consumption is 
anywhere from 50 to 250 Ib of steam per kilowatt-hour 
depending on production methods, kinds of products 
and climatic conditions. The average is about 150 Ib 
of steam per kilowatt hour. 

The old prime movers, which are Corliss engines, take 
steam at 145 lb and exhaust at 5 lb gage. Originally all 
the exhaust steam was used for process work and feed- 
water heating. But 1928 changes in production methods 
had already decreased the demand for 5-Ib steam so that 
a considerable quantity was wasted in the summer. 
During winter this excess was taken up for building heat- 
ing. 

The major portion of process steam is used at 90 lb 
pressure. The feasibility of operating a steam turbine 
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against this back-pressure had been thoroughly estab- 
lished at other plants but the highest admission pressure 
we could get with the old boilers was 145 lb. This ex- 
pansion range was too small for getting a worthwhile 
quantity of power from the process steam. High- 
pressure boilers were needed. An economic study showed 
that it would not be a very attractive investment to 
install high-pressure boilers solely for the purpose of 
power generation. Even the added incentive of higher 
efficiency for new boiler units was insufficient to make it 
a satisfactory investment, especially during the early 
depression years. It was decided to hold off the installa- 
tion of high-pressure boilers and extension of the power 
plant until some of the old boilers had to be replaced due 
to age. 

The question of when an old boiler has to be replaced 
is controversial but in our case it was settled when the 
insurance company advised us to cut down the pressure 
within a year. We received this notice last summer and 
started at once to work out plans for the installation of 
new boilers and a new power plant to take the load now 
carried by purchased power. These plans were ap- 
proved in September of last year, together with a plan 
for changing all 27'/2-cycle, 2-phase equipment to 60- 
cycle, 3-phase within a period of approximately five 
years. 

The question of fuel for the new boilers was settled in 
favor of anthracite. This is decidedly the most eco- 
nomical fuel in our location under the present price 
schedules. It has also shown less price fluctuations than 
oil and bituminous coal during the last 8 or 10 years. 
It is possible and perhaps probable that No. 3 buck- 
wheat, the size of anthracite commonly used in power 
plants, will be scarce in the future. To guard against 
this we decided to be prepared to burn the No. 4 size 
which we feel will be available at a reasonable price for 
many years to come. 

Once the choice of fuel was made, the problem of fuel 
burning equipment practically settled itself. The 
traveling grate stoker has a practical monopoly on 
burning anthracite in power plants. Its efficiency with 
No. 3 buckwheat comes close to efficiencies obtained in 
bituminous coal plants. With No. 4 buckwheat the 
efficiency has in some cases been deplorably low but the 
requirements for success have now been fairly definitely 
established. The principal requirement is large grate 
surface to hold down the burning rate to 25 or 30 lb 
per square foot per hour. 

What pressure to carry on our new boilers had been 
decided about a year earlier in connection with a new 
installation at our Jeffersonville, Indiana, plant. We 
decided there on 425 lb. This pressure gives ample 
possibilities for by-product power generation. Still it 
is not so high as to present any serious problem in feed- 
water treatment or other phases of operation. At 
Jersey City we stepped up the pressure to the maximum 
allowed for No. 8 gage, 3'/,-inch boiler tubes, which is 
448 lb. This gives us some additional available power 
which is desirable in view of the fact that the main office 
of the organization is located at this plant and adds con- 
siderably to the regular production load. 

The steam temperature was set at 600 F or slightly 
below. With this initial temperature exhaust steam at 
90 lb pressure will have 50 to 75 deg superheat. We 
consider this advantageous particularly in view of the 
fact that this steam, besides its principal use for process 
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work is also used in numerous small steam drives around 
the plant. 

With a steam pressure of over 400 Ib some form of heat 
recovery equipment becomes an attractive investment. 
We finally decided on an economizer. The considerations 
preceding this decision were quite complicated, involving 
space and cost, juggling different types of boilers and 
duct arrangements, different ratios of the heat absorbed 
in the recovery apparatus to the heat absorbed in the 
boiler, the effect of preheated air on stoker maintenance, 
etc. 

Space conditions had a lot to do with the design and 
arrangement of equipment. We had a vacant space in 
the old boiler room where one new boiler could be in- 
stalled before tearing out any of the old boilers. Since 
the building, coal bunker and chimneys are in good 
condition we decided to install the new boilers in the old 
boiler room even though the arrangement of building 
and bunker imposed severe restrictions in two directions: 
height and front to rear. Unfortunately, we have not 
had time yet to make a complete arrangement drawing 
suitable for reproduction. Without this drawing it is 
impossible to explain in detail the arrangement of equip- 
ment and the reasons for it. I will state simply that we 
are installing a four drum bent tube type of boiler, with 
an economizer in back of it. The boiler will be cross 
baffled and the gas flow will be up through the econo- 
mizer. This arrangement permits more effective settling 
of fly ash. 

The question of natural versus induced draft was hard 
to settle. We have two brick stacks 275 ft high and 
maintained in good condition. It seemed odd to use 
induced draft in connection with these stacks. A low 
draft loss boiler and economizer could be made us efficient 
as a high draft loss installation by increasing the heat- 
ing surface. The cost of-this additional heating surface 
would only slightly exceed the cost of an induced-draft 
fan. It would be desirable to avoid the fan from the 
viewpoint of maintenance, reliability and power usage. 
Induced draft, on the other hand, could more easily be 
arranged to provide draft for overload conditions and 
fitted better into the available space. The overload pos- 
sibilities with induced draft finally clinched the decision. 

The capacity of the new boiler units was chosen equal 
to about one-third of our total load so that the plant 
may ultimately consist of four boilers of which one would 
then be a spare. Installation of two of these boilers is 
now in progress. 

The heating surface of each boiler is 7700 sq ft and of 
the economizer about 3000 sq ft. Generating 60,000 
Ib of steam per hour, the flue gas temperature will be 
about 400 F and at 80,000 Ib per hour about 450 F. 
The grate area is 287 sq ft which is considered sufficient 
for generating 60,000 lb of steam per hour with No. 4 
and 80,000 Ib per hour with No. 3 buckwheat without 
undue carbon loss. 

The furnace will be of the rear arch design with front 
and side walls of tile supported from outside steel. This 
construction was chosen principally because any small 
section can be renewed without disturbing surrounding 
sections. 

Water cooled walls and arch were not considered justi- 
fied in view of the long life of plain refractories in anthra- 
cite burning furnaces. Also the amount of water cooling 
that can be introduced without courting ignition troubles 
is limited. 
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The new electric generating equipment had to be 
housed in a new building erected on a vacant lot adjacent 
to the boiler room. Due to the high value of ground in 
our location, this turbine room is designed to support a 
later superstructure of 6 stories with a floor load of 250 
Ib per sq ft. For this reason its interior appearance will 
differ from the general run of turbine rooms. Instead 
of a wide open space there will be heavy columns inter- 
spersed between the generating units. 

One main generator of 1,000 kw capacity is now being 
installed. A second main unit of from 1,000 to 1,500 kw 
capacity will be installed later during the five-year 
program. The first unit is to take steam at 420 lb and 
exhaust against 95 Ib. The second unit will have the 
same admission pressure but will exhaust against 5 Ib 
and will probably have a bleeder connection at the 95 Ib 
stage. The reasons for this uncertainty about the second 
unit are some new developments in process work. 

At this point it is of interest to note that the maximum 
capacity of the new boilers is such that one boiler is suf- 
ficient to supply steam to the above main generating units 
in case the other boiler is down for repairs. Ordinarily, 
when two boilers are in operation, excess steam from 
the 420-lb main will spill over through desuperheaters 
and reducing valves into the 150- and 95-lb steam mains. 

In addition to the 1000-kw unit we are installing two 
smaller ones. The purpose of these is threefold: 1, 
to control supply and consumption of 5 lb exhaust 
steam; 2, to take care of week-end loads; and 3, to 
provide spare generstix > capacity. These smaller 
units will be geared, while the main unit is direct-con- 
nected. One of the smaller units is a 250-kw machine 
taking steam at 90 Ib and exhausting against 5 lb. 
The other unit is a 350-kw machine taking steam at 4 Ib 
and exhausting to a condenser. The sizes of these units 
were chosen so that the exhaust from the back pressure 
machine is equal to the steam demand of the condensing 
unit at proportional load. In other words, the two can 
be operated as one unit without affecting the situation of 
5 Ib exhaust steam. 

Whether to install two separate units or one condens- 
ing bleeder turbine was the subject of much discussion. 
The cost of either is about the same. Finally, the ma- 
jority opinion was that the two-unit installation would 
have the following advantages over the single unit: 
1, in the winter, when 5 lb steam is needed, it will 
not be necessary to start the condensing equipment; 
2, in the summer when it is desired to use up 5-Ib steam 
there will be a gain in efficiency equivalent to the windage 
loss in the 90- to 5-Ib stages of a single unit; 3, a smaller 
unit is preferable for week-end loads; and 4, with the 
two units it was easier to arrange so that some power 
can be generated under most any condition of repairs 
that have to be made on steam mains. 

Building an industrial power plant is a gamble on fu- 
ture trend in steam consumption. Process develop- 
ments already in sight make it uncertain. Unforeseen 
developments are likely to change it in years to come 
as they have in the past. We have tried to provide equip- 
ment which will eliminate exhaust steam waste under 
present conditions as well as avoid it under possible 
changed conditions in the future. However, if somebody 
should call our estimate of the future a guess, we will 
gladly concede the point. We only hope that it does not 
turn out to be a poor guess. 
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A Wooden Boiler 


Incredible as it may seem a wooden steam boiler was 
actually built and installed in the Center Square Pump- 
ing Station in Philadelphia in 1801. A model of this 
boiler now forms a part of the power equipment exhibit 
in the National Museum at Washington and is described 
in the current issue of Mechanical Engineering. Ob- 
viously it was an internally-fired boiler with a wrought- 
iron firebox and flue, but the steam and water space was 
enclosed by wood which it was believed would act as an 
insulator. The difficulty of keeping the boiler steam- 
tight soon became evident and it was replaced after a 
few years. 


New York City to Study Atmospheric 
Pollution 


A six months’ day-by-day study of the atmospheric 
conditions in each of the five boroughs of New York City 
is to be made by the Emergency Relief Bureau under the 
direction of the Health Department. It is contemplated 
to employ about 190 engineers and observers, for check- 
ing conditions in various parts of the city, instructing 
firemen and in making laboratory analyses of samples of 
dust, dirt, fumes, etc., which contaminate the atmos- 
phere. The plan is similar to that carried on about a 
year ago in Chicago. 


C.B. Nolte Becomes President of CraneCo. 


C. B. Nolte was elected president of Crane Co. on 
March 26, succeeding J. B. Berryman, who becomes 
Chairman of the Board. 

Shortly after graduating in mechanical engineering 
from the University of Illinois in 1909, Mr. Nolte 
joined the Robert W. Hunt Co., consulting, testing, 
and inspecting engineers, and successively became di- 
vision manager, manager, vice president and general 
manager, until in 1930, when he was appointed presi- 
dent and general manager. This position he held until 
he was elected to his present office. 


Marion Penn, has been advanced from general 
superintendent of generation to general manager of the 
electrical department of the Public Service Electric & 
Gas Company of New Jersey, succeeding J. T. Barron, 
who becomes vice president. Mr. Penn has been with 
the company since 1914 and before being made super- 
intendent of generation had served successively as 
chief engineer of the Essex and the Marion Stations. 


R. T. Dinwiddle has resigned as Manager, Refrac- 
tories Division of The M. W. Kellogg Co., to become 
vice president of Refractory & Engineering Corpora- 
tion, New York City. In this new position, Mr. Din- 
widdie will be in charge of sales of the company’s com- 
plete lines of refractory cements and insulations. 
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Champion is the cream cf high volatile coal,—flashy . . . free- 
burning... high in B.T.U. value ... low in inherent ash and 
free from all impurities. 


But, more important, Champion Stoker grades and Champion 
Special Pulverizer Fuel are prepared to meet {and continue to 
meet} your exact requirements for size and analysis. 


The cleaning and preparation of Champion Steam Coal is a 
mechanical operation,—not a manual “guess” method. It is a 
process that guarantees continued similarity in the sizing and 
analysis of your fuel. It is your assurance of control,—within 
extremely narrow limits,—over the cost per 1000 Ibs. of steam, 
the fuel bed conditions in stoker operation, or the capacity 
variation in pulverized coal mills. 
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If you want to gain these advantages and retain them, Champion 
is the fuel for you, and our Combustion Engineers are at your 
command. Let us supply your requirements with Champion 
Steam Coal,—tailor-made to your specifications, and always 
dependably available. 


PITTSBURGH COAL COMPANY 


General Sales Offices: 
HENRY W. OLIVER BUILDING, PITTSBURGH, PA. 
Baltimore, Md.; Boston, Mass.; Buffalo, N. Y.; Cincinnati, Ohio; Cleveland; 
Ohio; Detroit, Mich.; Erie, Pa.; New York City; Philadelphia, Pa.; Pittsburgh, 
Pa.; Sault Ste. Marie, Mich.; Utica, N.Y.; Youngstown, Ohio; Toronto, Ont., 
Sandwich, Ont.; Hamilton, Ont.; London, Ont. 
PITTSBURGH COAL COMPANY OF WISCONSIN 
Duluth Superior Minneapolis St. Paul 


MILWAUKEE WESTERN FUEL CO., Milwaukee, Wisconsin 
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The author explains the meaning of the 
term ‘‘enthalpy’’ as the sum of the inter- 
nal energy and the product of the pressure 
and specific volume, expressed in the same 


units. Diagrams representing the state 


surface of steam and the enthalpy surface 
of steam are included and discussed. 


MONG the more important 
properties of a heat engine’s working substance is a 
thermodynamic function commonly designated by the 
symbol f. This function h, for a given material, is 
defined as the sum of its internal energy (mw) and the 
product of its pressure (p) and its specific volume (v); 
that is, h = u + pv. In engineering practice, it is 
customary to measure both the function / and the inter- 
nal energy u in thermal units of energy per unit weight 
of working substance, the common unit being Btu per 
pound. To be consistent, the energy equivalent of the 
work represented by the product pv must also be ex- 
pressed in the same energy units. When the pressure 
is measured in pounds per square foot and the specific 
volume in cubic feet per pound, the equivalent energy 
in Btu per pound is obtained by multiplying this product 


l . . 
—, which is the re- 


44d 
ciprocal of Joule’s Equivalent. Expressed in these units, 
then, this thermodynamic function is h = u + Apv. 

The particular advantage of having a special symbol 
for u + Apv is that this group of terms continually occurs 
in certain thermodynamic formulas such as those dealing 
with non-flow processes in which the pressure is constant 
and with steady-flow processes in which the pressure, 
although it may vary widely along the channel of flow, is 
substantially constant at given points along the channel. 
In practice, there are countless situations in which such 
equations are of practical use, since a great variety of ap- 
paratus in continuous service is operated either at con- 
stant pressure (boilers, condensers) or under steady-flow 
conditions (turbines, pumps, flow meters, etc.). 

This function h has been given many names including 
this strange word enthalpy which has recently appeared 
in the literature of technical thermodynamics and which, 
apparently, is due to the late Dutch physicist, Kamer- 
lingh Onnes.! The more familiar names are folal heat 
and heat content and less well known are the names 
thermal head (Goodenough), thermodynamic potential 
for given pressure (Bryan), and heat function for constant 
pressure (Gibbs). 

The common names, /ofal heat and heat content, are 
unfortunate for / is not heat but simply u + Apv, the 
sum of the internal energy u and the energy equivalent 


by the familiar constant, A = 


1 Faraday Society, 18:140. 
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of the work quantity pv. The word content is also 
misleading for it tends to confuse /# with the internal en- 
ergy « which is “contained” within the working sub- 
stance. Such troublesome misconceptions arising from 
these unsound names for h largely account for the 
growing use of this new term enthalpy.’ 

The variation of this function h = u + Apv, as the 
state of the working substance is altered, will, of course, 
depend upon the properties of each particular material. 
In general, each of the variables u, p and v can be de- 
fined for any given state of the working substance. 
The values of » and v for any given state are absolute 
while the value of the internal energy u is purely relative 
since it must be referred to some standard state whose 
internal energy is arbitrarily assumed to be zero. It 
follows, then, that each point* on the state surface of the 
working substance has a corresponding value of the 
function h. These values of hk, however, are relative 
inasmuch as u is relative and must, therefore, be referred 
to some standard state for which h is arbitrarily con- 
sidered to be zero. 

Steam, which is perhaps the most important working 
substance met with in practice, is characterized by the 
state surface‘ shown in the center of Fig. 1. This inter- 
esting diagram represents a plot of the #, v, T relations 
for steam. These data for conditions ranging from 32 
F to 1000 F and pressures up to 3500 lb per sq in. abso- 
lute are given in Keenan’s Steam Tables and Compressed 
Water Tables.’ The data needed to extend the state 
surface from 32 F down to absolute zero, although as 
yet incomplete, are summarized in the International 
Critical Tables. The scales of this diagram have been 
modified to reveal clearly some of the more interesting 
details. 

It will be observed that the wet steam conditions de- 
fine a cylindrical surface perpendicular to the p-7 plane 
and extending from absolute zero to the critical point 
where the specific volumes of saturated water and steam 
become equal. For steam, the coordinates of the 
critical point are p = 3226.0 lb per sq in. absolute, 
T = 706.1 F, and v = 0.0522 cu ft per lb. In a similar 
way, the p, v, T relations for mixtures of water and ice 


2 This new word enthalpy does have the advantage of being strange and, 
therefore, free from the misconceptions implied by the more familiar terms, 
but, when pomeuien in the conventional way with the accent on the first 
syllable, it has the great disadvantage of being easily confused with the word 
entropy. To relieve this situation, it has been suggested that the accent be 
placed on the second syllable, but such pronunciation is awkward to many 
people. There seems to be a need for a new term that can win general ap- 
proval as a name for the function A. 

* At a triple point, an additional coordinate is required to specify the amount 
of each phase and thus fix the value of A. 

4 Described in Power Plant Engineering, April 1934. 

5 Mechanical Engineering, February 1931. 
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define another cylindrical surface perpendicular to the 
p-T plane. These two cylindrical surfaces intersect on 
the element AB of the wet steam surface and this line 
AB represents the ‘‘triple point’ conditions. The triple 
point may be defined as the pressure and temperature at 
which the solid, liquid and gaseous phases of a substance 
may coexist in equilibrium. For steam this pressure is 
0.0887 Ib per sq in. absolute and the temperature is 
. 32.0135 F, while the specific volume may range between 
A and B depending upon the amount of each phase 
present in the mixture. The remaining areas of the state 
surface of steam represent the various possible states of 
ice, water and superheated steam. It is interesting to 
notice that above the critical temperature the usual dis- 
tinction between the liquid and gaseous phases no longer 
exists. 

Each point on the state surface, except the triple point 
conditions AB, has a corresponding value of h. These 
values of / are relative since they must be referred to a 
standard state for which / is arbitrarily zero. In 
Keenan’s Steam Tables, for instance, the zero of enthalpy 
is ‘‘arbitrarily placed on the saturated liquid line at 
32 F.”’ Strangly enough, this point does not represent 
a state of equilibrium and, consequently, it cannot be 
found on the state surface since this surface contains 
only equilibrium conditions. And further, of all the 
steam conditions listed in Keenan’s tables, this one at 
32 F is the only one that does not represent an equi- 
librium condition. The departure from equilibrium is, 
of course, small for the saturated liquid line ends at the 
triple point temperature of 32.0135 F so that the point 
of zero enthalpy is reached when water is undercooled 
only 0.0135 F. This state of zero enthalpy is shown 
as point C under the ice area of the state surface and 
again, more distinctly, as point C in the projection of this 
surface on the p-T plane. The scale in this region has 
been modified to display the situation clearly. 

To illustrate visually these relative values of h for 
various steam conditions, a space diagram has been con- 
structed using the projection of the state surface onto the 
p-T plane, shown to the left in Fig. 1, as a foundation 





from which the enthalpy values for a given point were 
laid off normal to that point. The result is the surface 
defined by the equilibrium values of the coordinates 
p, T and h, shown in Fig. 2. These scales are approxi- 
mate only. If the pressure is maintained constant dur- 
ing the processes of vaporization, sublimation or melting 
(or their reverse), the temperature also remains constant 
so that the change in the value of h, under such condi- 
tions, defines the cylindrical surfaces labeled ‘‘water and 
steam,” ‘“‘ice and steam’’ and ‘‘water and ice.”’ So 
long as there is only one phase present, there is but one 
value of / for each point on the p-T plane and these 
values describe the remaining areas of the enthalpy 
surface which are labeled “‘ice,’’ ‘“‘water’’ and “super- 
heated steam.’’ The triple point conditions again define 
the line AB, and the state used in the steam tables as the 
arbitrary zero for enthalpy is the point C, located just 
off the surface at 32 F on the extended saturated liquid 
line. 

Keenan’s Steam Tables and Compressed Water Tables 
cover the conditions above 32 F but below this tempera- 
ture, the shape of the enthalpy surface is not so well 
known. From certain theoretical considerations, it 
would seem that the heat of fusion would decrease slightly 
as the pressure is increased, and that the heat of sublima- 
tion would fall away toward some finite value as the 
temperature is diminished. 

A high-pressure Rankine cycle will serve to illustrate 
the need of enthalpy data within the range covered 
by the above tables. Referring to the state surface, 
suppose water at state 1 is compressed adiabatically 
(isentropically) to state 2, then heated at constant pres- 
sure until it is superheated steam at state 3, then ex- 
panded adiabatically (isentropically) to state 4 where it 
is condensed at constant pressure to water at state 1. 
Further, since this is an ideal cycle, it is permissible to 
assume that the elevation and the flow velocity are the 
same at these four points so that potential and kinetic 
energy terms cancel out. Each change of state can then 
be considered as a simple non-flow process. This cycle 
is described by the path 1-2-3-4-1 on the state surface 



































Fig. 1—The state 
surface of steam 
and its projections® 
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Fig. 2—The enthalpy surface of steam’ 


and also in the projections of this surface on the p-7 
and p-v planes. The projection on the -v plane is of 
special interest for the area 1-2-3-4-1 in this diagram 
represents the net work done by the cycle. 
It can be shown that the efficiency of such a cycle is 
given by the equation 
(hs — ha) — (hog — In) 
oe 
These enthalpy relations are clearly illustrated in the 
three-axis diagram shown in Fig. 2. The external work 
done on the water during adiabatic compression in the 
ideal feed pump is the enthalpy difference (i. — Mm), 


zepresented by the difference in the elevation of these 
two points. In a similar way, the difference (h3 — hz) 
represents the external heat transferred to the working 
substance at constant pressure in the boiler and super- 
heater. The difference (h; — hy) is the external work 
done by the steam during the adiabatic expansion in the 
ideal engine. These are the differences which appear in 
the expression for the cycle efficiency. The difference 
(44 — hy), shown in Fig. 2, is the external heat trans- 
ferred from the steam at constant pressure in the con- 
denser. 

In the course of the foregoing discussion, the properties 
of steam have been used to illustrate the principles 
involved—the choice of steam being prompted by the 
extensive use of this material as a working substance. 
The principles, however, hold in general for any sub- 
stance be it hydrogen, ammonia, mercury, iron, etc. 
These materials have their own state surfaces and en- 
thalpy surfaces which are, in most respects, quite similar 
to those for steam even though the numerical value of 
their data may differ greatly. It is interesting that at 
atmospheric temperatures and pressure, for example, 
the hydrogen ordinarily encountered in practice is a 
highly superheated gas; mercury, a liquid; and iron, 
a solid. Whatever the working substance may be, space 
diagrams, such as shown, aid greatly in giving a concep- 
tion of the relationships which exist between volume, 
pressure and temperature and also such important ther- 
modynamic quantities as this function 2 to which so 
many different names have been given. 


® Copyright 1935 R. L. Scorah. 





“FOREN PROCESS” 


EXCLUSIVELY MANUFACTURED BY GLOBE 


FOREN PROCESS” TUBES 


1— Easier to roll in... 
a-Even wall 
b-No excess metal 


_¢= Will stand severe 
deformation 






-No Scores eee 


a-Smocth inside finish 


b-No danger of splitting 
¢-Retards corrosion 


The latest and most rev- 
olutionary development 
in the seamless steel 
tubing industry. Pro- 
duced by the new 
“Foren Process” —ex- 
clusively manufactured 
by the Globe Steel 
Tubes Company. 


“FOREN PROCESS” 
Tubes have many out- 
standing advantages 
over ordinary seamless 
steel boiler tubes. ie 


SEAMLESS 
BOILER TUBES 


STEEL TUBES COMPANY 
ORDINARY TUBES 


1- Harder to rollin... 
a- Uneven wall 
b~ Excess metal 


¢- Danger of 
cracks 











Hot rolled seamless steel tubes with smooth outside and inside surfaces — either straight or bent. 


Buy Globe “FOREN PROCESS” Seamless Boiler Tubes — They COST NO MORE than ordinary tubes 
For detailed information write: 


GLOBE STEEL TUBES CO., Mills and General Offices: MILWAUKEE, WIS. 
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REVIEW OF NEW BOOKS 


Any of the books reviewed on this page may be secured from 
Combustion Publishing Company, Inc., 200 Madison Ave., New York 





The A. S. H. V. E. Guide 1935 
(13th Edition) 


The 13th edition of this handbook of the American 
Society of Heating and Ventilating Engineers has just 
been published and copies are now available. The 
Guide is compiled annually by the Society for engineers 
and others interested in heating, ventilating and air 
conditioning, and it is planned as a practical, usable and 
authoritative reference book. 

Though the Guide Publication Committee has pro- 
duced a new book, it has retained from the older ones 
those data which are basic and fundamental, and it has 
made additions and changes to cover new developments 
in both theory and practice. 

The Technical Data Section is a reference book and 
text, which in its 41 chapters covers the fields of heating, 
air conditioning, cooling, insulation and ventilation in 
their theoretical and practical aspects. Starting with 
factors fundamental to heating and air conditioning—air 
properties, air distribution, ventilation requirements, 
heat transmission coefficients of materials and of various 
structures—it carries on through discussions of the many 
types of heating, cooling and air conditioning needed, 
with their applications and methods of accomplishment. 
It describes systems of heating, cooling and air con- 
ditioning; fuels; apparatus and machinery; test meth- 
ods and instruments. 

A chapter on sound control considers the theory and 
practice of insulating against sound, and automatic 
control devices are fully covered. The machinery and 
instruments needed for the devices and systems discussed 
are described in detail. The concluding chapter gives 
abbreviations, values, symbols and conversion equations 
for the terms used in this text and related ones. 

Wholly new this year, in addition to an inserted psy- 
chrometric chart, is the section called ‘‘Problems in 
Practice,”’ which supplements Chapters 1 to 40, in the 
form of questions and answers relating to the material 
presented. These practical treatments summarize each 
chapter in an interesting and instructive way, and it is 
felt that this added feature will prove of great value to 
users of The Guide. A more comprehensive index to 
the Technical Data Section has been made in order that 
references may be more quickly checked in the text by 
the reader. 

A major division of The Guide 1935 is the Catalog 
Data Section of 224 pages, listing the products and 
services offered by leading manufacturers in the field, 
giving pictures, specifications and ratings. The Index 


34 


to Modern Equipment, which follows, lists alphabetically 
by products the manufacturers who can supply the 
products named, with ready reference to the individual 
manufacturer’s catalog data. 

The Guide 1935 contains 1024 pages, size 6 X 9, bound 
in a flexible red cover. Price $5.00. 


1934 A. S. T. M. Proceedings 


The 1934 Proceedings of the American Society for 
Testing Materials are issued in two parts—Part I com- 
prising the reports of the A.S.T.M. standing committees, 
together with all new and revised tentative specifica- 
tions and tests; Part II, the technical papers. 

PartI: Inthe section devoted to ferrous metals there 
are extensive reports on the following subjects: steel 
products; phosphorus and sulphur in steel; wrought iron; 
cast iron; corrosion; magnetic properties; ferro-alloys; 
iron-chromium-nickel and related alloys; effect of tem- 
perature. 

Subjects in the non-ferrous metals field include corro- 
sion in liquids and galvanic and electrolytic corrosion; 
electrical-heating and similar alloys; copper and copper 
alloys; die-cast metals and alloys (exposure and corro- 
sion tests, with a paper discussing effect of aluminum 
content on the strength and permanence of No. XXIII 
zine die-casting alloy); and, finally, the extensive report 
on service characteristics of the light metals and their 
alloys. 

Also given are a proposed Diesel fuel oil classification, 
a suggested test method for agglutinating value of coal, 
a modified saponification test for insulating oils, and 
methods for testing the adhesion of rubber to metal. 
The use of the tension test for judging suitability of sheet 
metals for various purposes is discussed. 

Some fifty specifications and tests first published in 1934 
are included, together with all proposed revisions of 
A.S.T.M. standards. 

Part II: In addition to all of the formal papers pre- 
sented at the 1934 meeting, Part II includes the exten- 
sive oral and written discussion. 

The subjects covered by outstanding papers and dis- 
cussion include: aging embrittlement of 4 to 6 per cent 
chromium steet; creep properties of chromium-molyb- 
denum-steel still tubes; interpretation of creep tests; 
soil corrosion data; frictional resistance of steel and 
brass in shrink fits; strain measurements; and effect of 
test specimen on observed physical properties of steel. 

Part I contains 1325 pages and Part II 943 pages, 
size 6 X 9. Price each part $5.50, heavy paper binding; 
$6.00 cloth; and $7.00, half-leather. 
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STEAM ENGINEERING 


ABROAD 


As reported in the foreign technical press 


Power from Refuse 


The March issue of The Power Engineer (London) con- 
tains excerpts from the annual report of the Glasgow 
Cleansing Department concerning operation of the 
large refuse-burning power plant installed in that city. 
This plant contains two 5000-kw turbine-generators 
supplied with steam at 200 lb per sq in and 250 deg 
superheat from eight 6160-sq ft cross-drum water-tube 
boilers. The boilers are fired with pulverized refuse 
from which metal has been previously removed. Clinker 
and ashes are sold, as well as scrap metal, and a substan- 
tial revenue is received from the sale of power, all of 
which materially reduces the cost of operating the 
refuse-disposal plant. 

For the fiscal year ending May 31, 1934, the equiva- 
lent of $144,000 was received for 40 million kilowatt- 
hours generated and about $60,000 from the sale of ash, 
clinker slabs and scrap metal. This reduced the total 
cost of refuse disposal to approximately $215,000 for the 
year. 

The only difficulty reported is an abnormally large 
accumulation of dust in the combustion chambers. 
Steps are now being taken to reduce this. Also, a dust 
extraction system has been installed to eliminate dust 
dissemination during the handling of the clinker residue. 


Boiler Tests on Two Large British 
Stoker-Fired Stations 


Results of 24-hr boiler tests at the Deptford West 
Power Station of the London Power Company and at the 
Battersea Station of the same company are contained 
in the March issue of The Fuel Economist. The former 
contains three 375-lb pressure, 200,000-lb per hr (maxi- 
mum continuous rating) boilers fired by multiple retort 
underfeed stokers and the latter six 615-lb pressure, 
312,000-lb per hr (maximum continuous rating) boilers 
also fired by multiple retort underfeed stokers. North- 
umberland and Scotch coals, of 10,926 to 11,919 Btu 
per lb as fired, were used on the Deptford stokers and 
Scotch and Welsh semi-anthracite, having gross calorific 
values of 11,000 Btu and 13,500 Btu, respectively, were 
burned on the Battersea stokers. 

In three tests at Deptford with an average output of 
161,650 Ib of steam per hour, using Scotch pea coal the 
overall efficiency, including boiler, water walls, super- 
heater and economizer, averaged 88.7 per cent; the 
heat release per cubic foot of furnace volume per hour 
averaged 19,451 Btu; the coal per square foot of grate 
per hour averaged 36.7 Ib; and the carbon in the refuse 
averaged 3.48 per cent. A 23-hr run at 202,175 Ib per 
hr output, also using Scotch pea coal, gave an overall 
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efficiency of 88.56 per cent, a heat release of 24,860 Btu 
per cu ft, 48.75 Ib of coal per square foot of grate per 
hour and 4.5 per cent carbon in the refuse. 

At Battersea a 25-hour test, with Scotch washed pea of 
11,610 Btu per Ib as fired and at an output of 257,794 
Ib of steam per hour, gave an overall efficiency of 89.46 
per cent (86.98 per cent net efficiency), 38.6 Ib of coal 
per square foot of grate per hour, 21,478 Btu per cu ft 
per hr heat release, and 5.43 per cent carbon in the refuse. 
A second test of approximately the same duration, with 
260,613 Ib of steam per hour, but having Rhymney 
Valley duff of 14,040 Btu per Ib, gave an overall efficiency 
of 89.85 per cent (88.46 per cent net efficiency), 31.61 Ib 
of coal per sq ft per hr, 21,272 Btu per cu ft per hr heat 
release, and 9.34 per cent carbon in the refuse. 


Boiler Circulation 


Die Warme (Berlin) for January 26, contains a discus- 
sion of water circulation in steam boilers, in which the 
author disclaims that insufficient water velocity is re- 
sponsible for overheating. Instead, it is usually caused 
by steam remaining too long in contact with the heating 
surface, as is the case where steam pockets are formed. 
Such pockets are more likely to form with high steam 
pressures and temperatures. The author cautions that 
throttling of circulation at the entrance to the drum be 
avoided, especially in boilers of the sectional header 
inclined-tube type; also that return-flow tubes be 
avoided. 

With boilers having steeply inclined tubes it is be- 
lieved that there is little danger of steam pockets being 
formed where the pressure does not exceed 285 Ib per sq 
in.; at pressures up to 650 Ib they are to be feared only in 
return-flow tubes in the front tube bank. With very 
high steam pressures, unheated downcomers are prefer- 
able. 


Putting Standby Boilers on the Line 


The practice of maintaining standby boilers ready for 
immediate use by supplying them with steam from boilers 
in service is by no means new, but some interesting 
tests at the Stettin power station, which employs this 
method are reported in Die Warme of January 26. The 
boilers are stoker fired and have refractory furnace walls 
with long ignition arches. While being held in reserve 
the coal on the grate is kept moistened with oil and when 
it becomes necessary to put a unit on the line auxiliary 
oil burners are ignited electrically. 

Tests on a boiler that had been off the line for several 
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weeks showed that the coal became ignited in 90 sec and 
in 8 min was burning sufficiently to permit turning off 
the auxiliary oil burners. Full rated output of the unit 
was reached in approximately two minutes from the time 
the oil burners were ignited. No trouble has been experi- 
enced from the sudden heating of the refractories. 


Bulk Delivery of Pulverized Coal 


Following a practice that has been developed exten- 
sively in Germany, two British firms have established 
large pulverizing plants at the collieries and are deliver- 
ing pulverized coal in tank cars ready for use to steam 
plants and industrial furnaces. This pulverized coal, 
according to The Steam Engineer for March, is being sold 
under a guaranteed specification of volatiles (minimum) 
35 per cent, ash (maximum) 4.5 per cent, moisture (maxi- 
mum) 3 per cent, heating value 14,000 Btu per Ib and a 
fineness of 95 per cent through a 100 mesh sieve. The 
delivered cost to the user, on a heat value basis, is said 
to be approximately half that of fuel oil. 


Concentration Versus Pressure 


Discussion of a paper on ““The Care of Modern Steam 
Generating Plants from the Water Side’ by R. T. Glinn, 
before the Institution of Mechanical Engineers, was 
reported in Engineering of February 22nd. This brought 





out that in a power station operating at 475 lb per sq in. 
pressure, excessive carry-over was encountered with a 
concentration of 150 gr per gallon. The trouble was 
eliminated by reducing the concentration to 70 gr per 
gallon. Another station operating at 375 lb per sq in. 
had to maintain the concentration at 50 gr per gallon in 
order to avoid carry-over; when the pressure was in- 
creased above this trouble was had at the same concen- 
tration. Another speaker considered that for 500 lb per 
sq in. a concentration of 100 gr per gallon was permissible 
and for 625 lb per sq in., 80 gr represented the allowable 
limit. 


Propagation of Combustion in a Pile of 
Pulverized Coal 


Fuel in Science and Practice, for February, cites some 
investigations on the propagation of combustion in 
stored pulverized coal. In the tests, tubes of different 
diameters were employed and a current of air was passed 
through the coal in the opposite direction to the wave of 
combustion. It was found that with a tube 2.5 cm. 
diameter, the composition of the oxidation product and 
the percentage of oxygen (namely, 11.2 in the case of 
bright coal and 12.5 with dull coal) was the minimum 
percentage in which propagation of a zone of combustion 
would proceed. The rate of combustion decreased with 
decreasing rate of flow of air and if the supply fell below 
one liter per hour the initial oxidation induced in the 
coal would not proceed throughout the mass. 
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Cinder and Fly Ash Measurement 


A discussion by ARTHUR C. STERN 
of P. H. Hardie’s article in the March issue 


The statement is made near the beginning of Mr. Hardie’s 
article that cinder and fly ash measurements are conducted for one 
of three purposes: the determination of dust leaving the stack, 
the determination of the efficiency of dust separating apparatus 
and the determination of the combustible loss in cinders for use in 
the boiler heat balance. It is further stated that the “testing 
apparatus and testing technique required for these three investiga- 
tions are essentially the same.”’ The article then proceeds to de- 
scribe a test method with the implied assumption that it satisfac- 
torily meets the demands of all three types of tests. It is the 
purpose of this discussion to take issue with the quoted statement, 
and also with the implied conclusion. 

To introduce the discussion, a short dissertation on the subject 
of the stratification of dust laden flue gases in ducts is necessary. 
This is the bugaboo of dust measurement. There are many who 
question the value of developing improved dust measuring ap- 
paratus, while the proper placing of the sampling tube still remains 
unpredictable to a certainty. However, this unpredictability is 
rapidly disappearing as more and more test results become avail- 
able for study, such as the valuable data published in the article 
under discussion. An analysis of this data will prove useful. It 
represents samples from twelve sampling locations in a rectangular 








duct, arranged in three rows of four each (or conversely of four | 


rows of three each). There is virtually no flue gas velocity varia- 
tion (stratification) longitudinally, in the four-row direction; 
however, laterally, in the three-row direction, velocity increases 


across the duct width in the ratio for the three rows of 1.00:1.90: | 


2.25. To an experienced observer, the prediction regarding dust 
loading that can be drawn from these facts concerning gas velocity 
are that no appreciable stratification should appear longitudinally, 
and that loading should be stratified laterally in the same direc- 
tional sense that velocity is stratified. 

In drawing these inferences there is one major source of error 
of which we must be wary; that is, that some previous obstruction 
(or turn of the duct at right angles to the turn or obstruction which 
caused the major lateral stratification) may have caused a sub- 
stratification of heavy particles longitudinally, close to one of the 
duct walls. The bulk of the loading will not, however, be seriously 
affected by this heavy particle stratification, since, as will be in- 
dicated in data presented later, these heavy particles usually do 
not constitute as large a proportion of the total as the data in the 
article under discussion would indicate. There are, however, no 
evidences of heavy particle stratification longitudinally in any of 
this data. 

The average dust loading computed for each row in the lateral 
direction shows the dust loading per row to be 0.0026 lb per Ib, 
0.00123 Ib per lb and 0.00061 Ib per lb, respectively, with prac- 
tically no dust loading variation longitudinally. As previously 
noted, this could have been largely predicted from the pitot tube 
traverse. A twelve-point dust loading traverse may be justified in 
order to check these predictions, but in subsequent tests substan- 
tially as high accuracy can be obtained by a three-point traverse 
laterally. Such a three-point traverse can give all the necessary 
information with much less cost and work than a full twelve-point 
traverse under similar flue gas velocity conditions. In such a case, 
it is possible to go even one step further, and, for routine testing, 
find one spot in the duct which will give results representative of 
the entire duct. If the pitot tube traverse of the duct remains sub- 
stantially the same during subsequent tests at any given boiler 
rating, and if a reasonably good twelve-, six- or three-points traverse 
has been made of the duct, then from this data, the proper spot 
from which the sample should be withdrawn may be readily calcu- 
lated. 

However, in calculating the mean dust loading from a multi- 
point traverse (which is a necessary preliminary to determining the 
spot where it can be measured), the dust loading in each different 


(Continued on page 38) 
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Cinder and Fly Ash Measurement 
(Continued from page 37) 


flue gas strata should be weighted by the relative flue gas velocity. 
In the data under consideration, the far row of sampling holes shows 
4.25 times the dust loading and 2.25 times the velocity of the near 
row. Since they represent the same duct areas, that means that 
the far section of the duct is carrying 4.25 X 2.25 = 9.56 times as 
much dust as the near section per unit of time. This fact cannot be 
accounted for unless the dust loading data be weighted by the 
velocity data. In the paper under discussion, the average dust 
loading for the duct appears to have been determined without such 
weighting, which the writer believes to be an erroneous pro- 
cedure. 

If the dust loading for each of the twelve sampling locations be 
determined and then averaged without weighting, the average dust 
loading for the duct is 0.00148 lb per Ib. When each of these in- 
dividual loadings is properly weighted by the velocity, the loading 
for the duct becomes 0.00173 Ib per lb, which by a most curious 
coincidence is the same loading arrived at in the article by the 
process of dividing the total pounds of sample collected by all 
twelve sampling tubes by the total pounds of gas sampled by them. 

All this is by way of introduction to the writer’s contention 
that both the multi-point duct traverse and the single-point 
sample, in which one sampling tube withdraws a sample representa- 
tive of the duct, have their proper sphere of use in dust measure- 
ment, and that these spheres rarely overlap each other. The con- 
ditions under which the multi-point traverse should be used are 
dust separator acceptance tests or tests on ducts where the pitot 
tube traverse shows an unpredictable variation of dust loading. 
This last really means the initial tests of very large ducts generally. 
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The conditions under which one-point samples are preferable are 
to obtain the cinder loss for heat balance in routine boiler tests 
on the same duct time after time, and for cinder emission studies 
under the same conditions. The reason for this distinction is that 
the single-point sample means much less work, cost and time in 
running the test, and brings cinder testing more in the class of the 
hand Orsat as regards usefulness. In the interest of better boile: 
testing and better heat balances, it is important that the cinder 
test be made easy to run, especially since the cinder loss fre 
quently exceeds the CO loss. From the operating man’s viewpoint, 
frequent cinder samples are a great aid to the proper setting of! 
burners and to regulation of stokers. In fact, in one plant, to the 
writer’s knowledge, a continuous one-point sample is withdrawn 
all the time the boiler operates. This is, at regular intervals, com- 
pared with a calorimetric scale of combustible content in order to 
maintain burner adjustment. 

If, as the writer contends, there are certain types of tests in 
which a one-point sample should be used rather than a multi-point 
test, then this fact affects the type of test equipment that must be 
used. To get reasonable accuracy of weighing the sample and 
measuring the gas, about 750 cu ft! of gas must be sampled. To do 
this with the woolen bag method described in the article, which in 
the tests described operated at an average sampling rate of 3.60 
cu ft per min, would take about 3!/, hr. ‘This appears entirely 
too long a test duration for the type of test for which the one- 
point sample is recommended, namely, routine boiler testing and 
to get operating information. This long duration would, of 
course, not be unreasonable for a cinder catcher acceptance test, 
therefore this is the type of test for which these woolen and monel 
mesh bags are most adaptable. 

The writer has already placed himself on record? as favoring 
for one-point samples the use of a high efficiency cyclone dust 
collector as a test method. In this method up to 50 cu ft per min 
of flue gas is sampled so that the test duration is only about 15 or 
20 min, which is a reasonable time for routine boiler plant use. 

In comparing the woolen bag test method with the cyclone test, 
it should be noted that the cyclone leaves all of its sample in a 
glass Ehrlenmeyer flask available for subsequent chemical analysis 
or sizing, whereas part of the woolen bag sample must of necessity 
be lost in the bag itself and in the act of emptying the bag into the 
screens or crucibles. In this connection, it is interesting to com- 
pare the 10.9 per cent through 325-mesh screen of the inlet dust 
sample noted in the article with the 30 per cent or more through 
325 mesh that the writer was accustomed to obtain from his 
cyclone test samples of cinder from bituminous coal, underfeed 
stoker fired. This difference may or may not be due to short- 
comings of the mesh filter test method. 

There is but one other point that will be discussed. The article 
states that a dust loading test can be interrupted, if necessary, by 
stopping the flow of gas just ahead of the source of suction. Such 
a procedure, in the writer’s opinion, should be sufficient to invali- 
date a test, because all the while the flow of gas is stopped, heavy 
cinder particles are being projected into the sampling tube by 
their own inertia, thus “peppering 
heavier than it normally should be. 


” 


the sample, and making it 
Of course, on a test of 3 hr 
duration there is no other alternative to the above procedure; 
but if anything should occur to balk a cyclone test there are two 
alternatives. If the test has run for more than 10 min, it can be 
stopped and considered as a complete test run; while if the run 
has been for less than 10 min, the run can be abandoned with only 
10 min loss, and a new test run started. 

In conclusion, the writer desires to repeat the contention that 
there is no one all inclusive test method for dust loading and if 
there were such a test method, the cyclone test would come closer 
to qualifying than the various small bag filter methods that have 
been proposed and used from time to time. 


1 All gas measurements at 60 F—30 in. Hg 
2 The Measurement and Properties of Cinders and Fly Ash by A. C. Stern, 
June-July 1933, Comsustion, p. 35. 
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EQUIPMENT SALES 
Boiler, Stoker, Pulverized Fuel 


As reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 





Boiler Sales 


Orders for 116 water-tube and h.r.t. boilers were placed in 
January and February 





Number Square Feet 


I ne hae 60K k ae ab eh e's bee d eke a whe meee 56 199,196 
PE a's cle both kd RADE OREO40eed Ke exec 60 195,025 
January to February (inclusive, 1935)............... 116 394,221 
SN BUC a recncand<ceec eveee kicceeeéevane 98 284,995 





NEW ORDERS, BY KIND, PLACED IN JAN. AND FEB., 1934-1935 
Jan., 1934 Feb., 1934 Jan., 1935 Feb., 1935 





re Tl — ——y 
1 Num- Square Num- Square Num- Square Num- Square 
Kind ber eet ber feet ber feet ber feet 
Stationary: 
Water tube. 22 96,695 31 129,191 41 181,087 40 179,207 
Horizontal 
return tu- 
bular..... 24 35,030 24,079 15 18,109 20 15,818 


153,270 56 199,196 60 195,025 














2 
46 131,725 5: 





Mechanical Stoker Sales 


Orders for 244 stokers, Class, 4* totaling 45,503 hp were 
placed in January and February by 68 manufacturers 





Installed under 





Fire-tube Boilers Water-tube Boilers 





No. Horsepower No. Horsepower 


pT ee re ee 103 13,273 36 é 

Pe ass ce beadnadade Gece 68 8,717 37 12,447 
January jto F ved coeseanpien 1935) 171 21.990 73 23,513 
Same period, 1934. 169 20,245 48 19,832 





* Capacity over 300 lb of coal per hr. 


Pulverized Fuel Equipment Sales 
Orders for 17 pulverizers with a total capacity of 67,150 Ib 
per hr were placed in January and February 

STORAGE SYSTEM 


a 

















Pulverizers Water-tube Boilers 
m= 
3 38% 
f2 2 af a 
35 bo a | $ 7 
a= § bs aI 8¢ 
3 ‘S Oy Wha $a 
a e | 4 a2 tw $2 
= a - e | - oo ‘3 
a 7 g * és 7) ae 2e 
3 ° -2 a = © =_ @ 
\ Semen ae $3 
>. 6 5 C} oy 3 o8 o6 
& Ze &@ eo Z & bo ea 
January, 1935......... 
February, 1935........ 
January to February 
(inclusive, 1935)..... 
Same period, 1934..... 
DIRECT FIRED OR UNIT SYSTEM 
Pulverizers Water-tube Boilers 
Jameaty, WRB iccscccise 5 1 4 9,590 5 15,724 103,680 
February, 1935......... 12 8 4 57,560 12 75,967 543,000 
January to February 
(inclusive, 1935)...... 17 9 8 67,150 17 91,691 646,680 
Same period, 1934...... 10 7 3 56,000 8 54,706 449,200 
Fire-tube Boilers 
Jemnty,, Bec biccicce “é ou “"y odes és cece coroesee 
February, 1935........ we ace wy ebee oe ‘ous.  lwewad 
January to 1988) 
(inclusive, 5 ha as ‘in eee os anes err 
Same period, 1934...... 2 “a 2 2,400 2 3,000 20,500 





COMBUSTION—April 1935 





How to Fire By The DRAFT GAGE 


Burke Furnace: To fire up, 
cover the center grate with coal 
thru the fire doors and cover 
the side grates thru the hoppers 
up to the arch; not above 
liners. Close hopper covers, 
start the fire on center grate, 
and when fire is well ignited, 
remove covers. With ashpit 
doors and damper open, poke 
coal toward center and fill } 








hoppers as before, leaving cov- 
ers off. Next lesson on Burke 
Furnace May Issue. 





Analyze your flue gas with the new Ellison Portable 

Gas Analyzer—speedy, accurate and corrosion-proof. 

Hard rubber header and needle valve points, curled hard 

rubber in absorption chambers, long celluloid scale, 

draft gage set and thermometers in a compact Monel 
case. 


Ellison Draft Gage Company 
214 West Kinzie Street Chicago 

















Conventions and Annual Meetings of 


Engineering Societies 


April 18-19—Southeastern Section Edison Electric Institute, Forest Hills 
Hotel, Augusta, Georgia 


April 22-26—American Chemical Society, Hotel Pennsylvania, New York, 
N. 


April 24-25—-Combustion Engineering Division of Association of Iron & Steel 
Electrical Engineers, Ohio Hotel, Youngstown, Ohio 


May 6-8—Master Boiler Makers Association, Chicago, Illinois 


May 6-10—American Water Works Association, Annual Meeting, Cincinnati, 
DIhio 


May 14~—-16—American Petroleum Institute, Mayo Hotel, Tulsa, Oklahoma 


May 20-21—Heating, Piping & Air Conditioning Contractors, Hotel Gibson, 
Cincinnati 


June 3-6—Edison Electric Institute, Annual Convention, Washington, D. C. 
June 4-7—American Smoke Prevention Association, St. Louis, Mo. 


June 5-7—American Pulp & Paper Mill Supt. Association, John Marshall 
Hotel, Richmond, Virginia 


June 11-14—National District Heating Association, Annual Meeting, Bellevue- 
Stratford Hotel, Philadelphia, Pa. 


June 19-21—A.S.M.E. Summer Meeting, Hotel Gibson, Cincinnati, Ohio 


June 17—19—American Society of Heating & Ventilating Engineers, Toronto, 
Canada 


June 24~-28—A.S.T.M. Annual Meeting, Book-Cadillac, Detroit, Michigan 


June 25-27—Great Lakes Power Show (S.S. Seeandbee, Buffalo, June 25, 
Cleveland, June 26, Detroit, June 27) 


July 8-12—American Society of Civil Engineers (Summer Meeting), Los 
Angeles, California. Date tentative 


Aug. 26-30—National Association of Power Engineers, William Penn Hotel, 
Pittsburgh (Exposition in conjunction with meeting) 


Sept. 16-21—Midwest Power Show, Coliseum, Chicago 


Sept. 24—26—Association of Iron & Steel Electrical Engineers, William Penn 
Hotel, Pittsburgh, Pa. 


Sept. 30-Oct. 4—American Welding Society Annual Meeting, Chicago, III. 
(Date tentative) 


Dec. 2-5—A.S.M.E. Annual Meeting, New York, N. Y. 


39 
































































HOW MUCH 


are you paying for 


SLOW 
COOKING? 


With wrong traps on your 
steam jacketed kettles you 
are probably wasting steam 
and fuel—and increasing 
your cooking time too. 

Many engineers still have 
the erroneous idea that a steam trap slows up cook- 
ing speed. This logical idea is based on the fact that 
most traps used for this purpose are inefficient and 
undersized. 

Engineers with this belief ‘‘crack’”’ their valves to 
drain the condensate and air, and thereby lose steam. 
The lower pressure reduces the temperature in the 
kettle. The valves become wiredrawn. Or else they 
retain obsolete traps to save steam and resign 
themselves to slow cooking. 

But genuine Inverted Bucket Armstrong Steam 
Traps, of the proper capacity actually reduce cooking 
time instead of increasing it, as proved by extensive 
tests. 

These traps, with or without the automatic air by- 
pass, will efficiently and positively remove condensate 
and air from the kettles, and permit the steam to 


deliver all its heat. 

You can’t see the efficient operation of an Armstrong Steam 
Trap, or the high quality of its construction and design. 
These are “‘hidden values” only discovered through the most 
effective operation of the equipment on which it is used. 


ARMSTRONG MACHINE 
WORKS 


814 Maple St., 
Three Rivers, Mich. 


batch steam kettle 


Armstrong trapped small 

















BOILER TUBES 


A MODERN type boiler tube of steel or rust-re- 
sisting Toncan Iron, made from clean, flat-rolled 
metal formed cold to a perfect round and then welded 
by the electric resistance method. 

The weld is as strong as the wall. Diameter, concen- 
tricity and wall thickness are absolutely uniform. 
Inside and outside surfaces are smooth and free from 
scabs, slivers and rolled-in scale. Tubes are full- 
normalize-annealed, soft, ductile and of uniform grain 
structure. Every tube is tested at pressures far in ex- 
cess of code requirements. 

Because of these features, Electrunite Boiler Tubes make 
possible tighter joints with worth while savings in time 
and labor, and add to the safety and life of equipment. 
Made in a full range of sizes for fire-tube or water-tube 
boilers. Write for literature. 


STEEL AND TUBES, INC. 


WORLD'S LARGEST PR 


CLEVELAND = - OHIO 


SUBSIDIARY OF REPUBLIC STEEL CORPORATION 








ADVERTISERS 


in this issue 


Armstrong Machine Works......... 40 
Bayer Company, The............... 36 
Buromin Company, The............ 2,3 
Cochrane Corporation....... . 


Combustion Engineering Company, 


Inc.......seeceee-- Second Cover, 4, § 


Diamond Power Specialty Corpora- 
oe Ca ee ee 


Ellison Draft Gage Company........ 39 


Ernst Water Columns & Gage Com- 
EE ee er 


General Electric Company....... 22, 23 
Globe Steel Tubes Company........ 33 
Hagan Corporation.........eseeeees+;9 
Hays Corporation, The.............. 2l 
Ingersoll-Rand Company..Third Cover 
National Aluminate Corporation.... 6 
Pittsburgh Coal Company.......... 30 
Reliance Gauge Column Company.. 37 


Republic Flow Meters Company 
PTET PCLT TECETTTT CTT 6 a 


Steel and Tubes, Inc.............+2. 4 


Yarnall-Waring Company......... 37 





April 1935-COMBUSTION 








